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The Seventh Meeting of the First Half of the 67th Session of the Royal 
Aeronautical Society was held in the Lecture Theatre of the Roval Society ot 
Arts, 18, John Street, Adelphi, on Thursday, December 17th, 1931, when a paper 
on “‘ Control Beyond the Stall’? was read by Dr. G. V. Lachmann, Dr.-Ing., 
A.F.R.Ae.S. 


Colonel the Master of Sempill (Past-President of the Society) in the chair. 


The CuatrMan: He gave a very hearty welcome to two distinguished visitors 
—Dr. Pleines (one of the principal assistants to Professor Hoff, in control of 
the D.V.L. in Berlin) and Captain Héyer (Chief Technical Officer of the Royal 
Norwegian Air Service). This was the first occasion on which these two 
gentlemen had attended a meeting of the Society, and Dr. Pleines had 
intimated that he would join in the discussion on Dr. Lachmann’s paper and 
would exhibit slides and a film indicating the developments in Germany. 


No subject, in recent years at jeast, had given rise to more interest and 
discussion than had that of the development of the slot, particularly the develop- 
ment associated with the name of Mr. Handley Page. It was quite unnecessar; 
to say anything in connection with the name of Mr. Handley Page, but Dr. 
Lachmann had been closely associated with him for some time in connection 


with this development. Indeed, Dr. Lachmann’s interest in the development of 


the slot extended as far back as the year 1917, when, as an officer in the German 
Imperial Forces, he had been unfortunate enough to experience a disastrous 
stall on a ‘‘ Rumpler.’’ During the period in which he was recovering from 
the effects of this, Dr. Lachmann began to consider how such events might be 
prevented. But it was not until the work of Mr. Handley Page had come to 
be known and appreciated later on in Germany that Dr. Lachmann was able to 
proceed with his own development there, which had not been particularly credited 
until the success which had been achieved by Mr. Handley Page in this countrys 
had become known. From 1921 to 1924 Dr. Lachmann had been engaged at 
G6ttingen on these problems, and in association with Mr. Handley Page. He 
had been chief designer at the Albatros works in Berlin in 1925 and 1926; 
shortly after that he had gone to Japan as technical adviser and designer to 
one of the principal Japanese aircraft companies, and there he had done very 
excellent work and had designed several aircraft which were still being used in 
Japan. From 1929 onwards, however, he had been in charge of the aero- 
dynamical and later of the stress and experimental departments at the works ol 
Messrs. Handley Page. He was peculiarly fitted, therefore, to deliver his lecture 
on the subject of control beyond the stall, and the Society welcomed him most 


cordially. 
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CONTROL BEYOND THE STALL 
BY 


G. V. LACHMANN, Dr.-Ing., A.F.R.Ae.S. 


].—GENERAL PROBLEM 


The following paper does not pretend to be a complete and exhaustive survey 
of all the theoretical and experimental work which has been done up to the 
present on the subject of control beyond the stall. 

lt is confined to main questions and to a report of the practical research 
work upon which my colleagues and I have been engaged during the last two 
years. 

In doing so I am well aware of the incompleteness of our research work and 
its methods, which aimed more at finding ad hoc than general solutions. The 
outlook of the engineer is different from that of the learned scientist. Not for 
him is the tranquil and contemplative atmosphere that surrounds purely scientific 
research work. If he breaks new ground he has neither time nor means to strive 
for a thorough, complete and general treatment of the particular problem he 
encounters. His work is limited by financial considerations; hampered by a 
rigid system of Works Orders; and by the lesser interest in so-called ‘‘ unproduc- 
tive ’’ work which characterises industrial institutions. In short, from his point 
of view, the solution is infinitely more important than the theory or the methods 
by which it is obtained. A practical solution often presents itself automatically 
if the physical conditions of a particular problem are properly recognised, even 
if the degree of accuracy does not satisfy the rigid requirements of pure scientific 
research. 

In presenting the results of our research and its experimental confirmation, 
I shall be very gratified if some of the problems which we have encountered invite 
fuller and more exhaustive investigation by the various scientific research 
institutions. 

So far as lateral stability and control in stalled flight are concerned, theoretical 
and experimental research has been initiated by this country. An excellent résumé 
of the basic problems and of the work done up to 1925 is given in the general 
report by the Stability and Control Panels. (Ref. 1). 

As this report deals so instructively with the underlying problems of lateral 
stability and control in stalled flight, I will confine myself here chiefly to the 
development which has taken place since its publication. 

The problem of longitudinal control and stability in stalled flight is still far 
less explored than the more vital one of lateral stability. It was, in fact, some- 
what neglected until recently, but it has since received more attention both in 
England and in Germany. (Ref. 2). 


Some Schools of Thought in Regard to Stalling 


In the early days of flying, stalling was looked upon as a kind of bogey 
for the beginner as well as for the experienced pilot. It was considered a 
mysterious phenomenon inherent in the aeroplane itself, and always to be avoided. 
As the controls were inefficient, the stall almost inevitably introduced the spin. 
Even nowadays, when knowledge and means exist to deprive stalled flight of 
its dangerous sting, many aeroplanes are still built in which it is left entirely 
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to the discretion of the pilot to avoid stalling and its resulting dangers when it 
occurs at low altitudes. 

On the principle of avoiding the stall, several warning devices were designed, 
e.g., sirens which sounded when the speed dropped below a certain minimum, 
or the automatic pushing forward of the stick if a critical angle of incidence 
was reached (Bramson-Savage). 

More definite in its effect than the principle of avoiding the stall is that of 
trying to prevent the stall. One might term this the ‘* Dutch School,’’ as, 1 
believe, it was Fokker who first, either intentionally or unintentionally, employed 
the principle of limiting the elevator power to such an extent that the stalling 
angle of the wing could not be reached by operating the elevators in straight 
flight. The attractive simplicity of this idea has caused a number of designers 
of commercial aeroplanes on the Continent and in the U.S.A. to adopt it, but it 
is obvious that unless a considerable amount of lifting power of the wings is 
sacrificed, the margin of safety in gusty weather is very small. It should also 
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Result of sudden loss of flying speed on angle of 
incidence and gliding angle. 


be remembered that the majority of accidents due to stalling do not happen in 
straight fight with the elevator pulled hard back, but when the aeroplane gets 
into this state without the pilot’s intention or knowledge. Vertical air currents, 
fluctuations in the wind velocity relative to the aeroplane while flying at a large 
angle of incidence, e.g., shortly after getting off, or while turning back to the 
acrodrome, with a missing engine, increase the angle of incidence considerably 
beyond the degree which would be reached in straight flight with the same elevator 
setting. In other words, stalling is not a function of elevator operation only, 
and cannot, therefore, definitely be prevented by limiting elevator control. This 
will be clearly seen from the following example. 

Diagram No. 1 shows the result of sudden loss in flying speed on angle 


of incidence and gliding angle. The aeroplane is assumed to be gliding at an 
angle of incidence of 13° with a following wind. This assumed angle is about 
4° below the stalling angle. The gliding speed assumed is 58 m.p.h. Whilst 


the elevator is being kept in a position appropriate to this flying angle a sudden 
increase of 16 m.p.h. in wind velocity takes place, reducing the relative speed 
of the aircraft to 42 m.p.h. The changes in gliding angle and angle of incidence 
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following this disturbance were calculated by numerical integration of the general 
equation for the motion of an aircraft based on wind tunne! data for lift, dray 
and pitching moment of the Junkers A.35 low wing monoplane T3 (Ref. 3). 
!t follows from the calculation that, in less than a second after the speed has 
dropped, the stalling angle is well exceeded. The increase of angle of incidence 
is accompanied by an increase of gliding angle. 

Whilst limiting the elevator control has, in some cases, yielded fairly 
satisfactory results in commercial aircraft, yet cases are known where it has 
led to serious accidents. 

A serious disadvantage of this method is that by limiting the maximum 
angle of incidence which is reached with maximum elevator setting, the landing 
of such aircraft in restricted areas is difficult. 

The third school of thought is what I would term the ‘ British School.”’ 
It has tackled the evil of stalling at the root by making the stalled aeroplane 
stable and controllable. Thus stalling definitely ceased to be a noli me tangere, 
and became quite an ordinary flying manoeuvre ; and, the only thing to be watched 
remains the increase in rate of descent in a stalled glide due to the increase in 
gliding angle. This characteristic when properly exploited is of great practical 
importance. 

A great draw-back of the modern highly efficient aeroplane, especially of 
the monoplane, is its high landing speed due to the high wing loading, and still 
more its very flat gliding angle which is due to its clean aerodynamic design in 
combination with small induced drag. The lift coefficient corresponding to best 
L/D is in such machines very close to the maximum lift, and even closer to 
the value obtainable with limited clevator control. The maximum [/D_ itself 
may be of the order of 12 to 15. Increasing the steepness of the gliding angle 
results at once in an increase of speed and makes the aeroplane float for miles. 
A way out of this difficulty can only be found by gliding at very large angles 
of incidence and extending the flying range of the aircraft beyond the present 
limit of the stalling angle. A study of stability and control beyond the stall is, 
therefore, not only a problem of safety, but also one of utility. 


Lateral Stability and Control in Stalled Flight 


It is a well-known fact that a wing loses its damping in roll beyond the 
stalling angle and begins to auto-rotate. This characteristic is inherent in every 
known wing section and is caused by a breakdown of the boundary layer ‘* trans- 
port *’ when the pressure gradient on the back of the wing has reached a certain 
limiting angle. 

In addition, as the aeroplane rolls, the loss of damping in roll tends to depress 
sull further the falling wing. When the aeroplane is yawing so that one wing 
moves faster than the other, the air forces exert a rolling moment tending to 


depress the slowly moving wing. A yawing moment is also produced by rolling 
and assists still further to depress the falling wing. The third influence to be 


taken into account is sideslip resulting from yaw which is unaccompanied by a 
change of direction of motion during the initial stages of the disturbance. 

So much, then, for stability. 

As far as control is concerned, the problem is, roughly, as follows: Operating 


the ailerons produces a yaw in the opposite sense to the direction of roll. The 
vaw itself produces a rolling moment counteracting the rolling moment for which 
the ailerons are set. These points are admirably set out in the classical reports 


R. & M. 999 and R. & M. 1000 (Ref. 1 and 4), where it is pointed out that 

the danger of the incipient spin could be eliminated in either of two ways :— 

I. By the provision of adequate rudder power ; 

or II. by the use of special lateral control to give, when the aeroplane is 
stalled, powerful rolling moments unaccompanied by serious turning 
moments. 
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In the first case the use of an abnormally large rudder with conventional 
ailerons, and in the second case the interconnected slot and aileron control was 
suggested to avoid the usual loss of control. In the latter case the slot was 
normally closed and only opened by the upward movement of the aileron behind 
it. These reports further point out that a rudder capable of overcoming the 
yawing moments generated by rate of roll will enable the incipient spin to be 
stopped in any stage of development and restore the aeroplane to an even keel. 

Practical experience showed later that lateral control without stability is 
not a practical proposition. The difficulties encountered have been compared 
to balancing a top-heavy object on a very small base. Therefore, interconnected 
slot and aileron control has never been widely adopted, in spite of its undeniably 
powerful lateral control. 

In a paper recently published in Germany by Fuchs and Schmidt (Ref. 3) 
the authors analyse the unsymmetrical movements of an aeroplane when stalled. 
These investigations, carried out on a more generalised basis than Prof. Melville 
Jones’s step by step integration, show that lateral and directional motion due 
to a disturbance can be treated separately and independently from the longitudinal 
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Rolling due to initial disturbance +.1 1/s. 


movement. Their conclusion is that the most important requirement for lateral 
stability in stalled flight is damping in roll, and that the autorotation test in the 
wind tunnel provides a good criterion, as the yawing angle is small and can be 
neglected in the initial stages of a rolling motion due to a disturbance. Diagram 
No. 2 shows how the angle of roll varies as a function of time following an 
initial disturbance of + .1[1/s|, in one case calculated by numerical integra- 
tion and in the other by considering rolling only with the curve of moments due 
to roll approximated to a parabola in order to integrate the differential equation 
for the rotation around the longitudinal axis. These theoretical investigations 
confirm what we know as established fact since the introduction of the automatic 
slot, namely, that a fair degree of lateral stability in stalled flight, even when 
combined with only little control, gives practically all that is required to prevent 
the incipient spin. 

I would now turn to the development of improved lateral control, and the 
production, so to speak, of a wing incorporating both the advantages of the 
automatic slot and the slot and aileron control. This results from the use of 
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the interceptor, a device which depends very much for its action on the proper 
functioning of the slot. As control is so decisively bound up with stability in roll, 
! consider it necessary now to close the general review of the problem and to 
make a few observations in regard to wing tip slots. 
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Distribution of lift over a rectangular aerofoil 
filled with wing tip slots. 


I].—THeE AERODYNAMIC CHARACTERISTICS OF WING TIP SLOTS 


Although they are widely used in this country and abroad, their aerodynamic 
effect is often not clearly understood, even by those who fit them to their aero- 
planes. Most people connect the word ‘* slot ’’ with lift increase, although this 
is only a secondary consequence of their primary aerodynamic effect—the delay 
of the breakdown of the potential flow over the back of the wing section. If a 
complete slot is fitted to an aeroplane, that is, a slot running across the total! 
span, delay in the stalling angle of the order of 10-12° is experienced. The 
prevention of the breakdown of the flow results in an increase of the maximum 
lift obtainable. If, however, the aerofoil is fitted with wing tip slots only of, 
say, 4o per cent. of the semi-span, it is found that for corresponding angles the 
increase in total lift is considerably less than that obtained by assuming an 
increase in lift on the slotted portion of the same order as on a completely slotted 
aerofoil. When the aerofoil is mounted on an autorotation device in the wind 
tunnel it is found that with wing tip slots autorotation is delayed up to angles of 
the order of 35-40°, whereas the same aerofoil completely slotted begins to 
autorotate as soon as the angle of maximum lift, 22-26°, is exceeded. This 
characteristic difference was first pointed out by Irving. (Ref. 5.) Apparently 
the combination of a stalled centre section where dK, (da<o and slotted wing 
tips where dK, /da>o produces a distribution of lift and induced velocity which 
is entirely different to the distribution for an aerofoil with a homogeneous wing 
section. 

Diagrams Nos. 3 and 4, based upon analytical calculations, represent. the 
distribution of iift and induced velocity over a rectangular aerofoil of R.A.F. 28 
section with wing tip slots of .4s span. The method of calculation is described 
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in the Appendix. It becomes evident that an accumulation of Jift occurs at the 
wing tips resulting in a still stronger concentration of induced velocity whici 
in turn reduces the effective angle of attack. For comparison the distribution 
of lift and induced velocity have also been calculated for an unslotted aerofoil 
of R.A.F. 28 section at an angle of 10° and 19° (Figs. 5 and 6). The distribu- 
tion of induced velocity in the second case is particularly interesting on account 
of its similarity to the slotted aerofoil. Due to the strong downwash at the tips 
the outer ends of the aerofoil are still unstalled and this probably accounts for 
the better stability of rectangular wings as compared with elliptically rounded 
ones where burbling occurs simultaneously across the span. 
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Distribution of induced velocity for an aerofoil 
filled with wing tip slots. 


It is interesting to note that on the aerefoil with tip slots the angle of down- 
wash at the tips is of the same order as the delay in auto-rotation over the 
completely slotted acrofoil. The effect of wing tip slots is therefore to produce 
a very strong downwash at the wing tips resuiting in a reduction of the effective 
angle of incidence without the reduction in total lift which occurs on an ordinary 
aerofoil with its geometrical angle of incidence decreased at the wing tips. 


Derived Slot Lift Curve and Required Slot Span 
This conception of the lift distribution on an aerofoil fitted with wing tip 
slots helped us considerably to understand and remedy troubles which occurred 
with wing tip slots fitted to certain types of aeroplanes, mostly of foreign design. 
It also induced us to change entirely our method of determining the shape and 
size of wing tip. slots. Instead of basing the design on the aerodynamic 
investigation of a completely slotted aecrofoil and rather arbitrarily fixing the 
required slot length from the experience gained with one type fitted on a par- 
ticular wing section, we begin by investigating the curve of resulting lift on the 
slotted part of an aerofoil fitted with wing iip slots. This, which we eall the 
derived lift curve, is obtained from the following equation : 
Kips 


Ky 4 
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where K,,=total lift coefficient of the aerofoil fitted with tip slots. 
K’, =lift coefficient of unslotted part. 
K,,=lift coefficient of slotted portion. 
A,==total wing area. 
A,=area of unslotted portion. 
A,=area of slotted portion. 

Figs. 7 and 8 show derived lift curves for two sections fitted with wing tip 
slots. The derived lift curve in Fig. 8 has a definite kink for an angle of 
incidence just beyond the stalling angle of the ordinary section. When a model 
of this aerofoil fitted with wing tip slots was put on the autorotation balance, 
it showed definite instability for small rates of roll at this angle, and the same 
result was indicated by computing by strip theory method the moments resulting 
from the unslotted centre part and the slotted wing tips. This result could not 
have been predicted from the slope of the lift curve of the completely slotted 
aerofoil. 

RAF 28. RECTANGULAR AEROFO/L, 
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These slots were in full-scale also found to be unsatisfactory, but by in- 
creasing their span, stability was improved. ‘ i 

Up to then the slot span had been arbitrarily fixed at about 16 per cent. of 
the total span. We understand now that the span required for any aerofoil 
depends entirely on the behaviour of the unslotted section beyond the stall as 
the more vicious the burbling that occurs here and the steeper the drop of the 
lift curve beyond the stalling point, the more span is required in order to ensure 
stability. As to slot shape and chord of the slat, these characteristics were 
analysed from a large series of test results and found to be predictable functions 
of thickness and camber ratio of the wing section. 

It has been found that over a certain limited angular range some wing 
sections, where the slope becomes very steep for a certain region beyond the 
stall, cannot be made stable at all by wing tip slots for small rates of roll. Such 
wing sections should, therefore, be definitely avoided, all the more so since this 
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unpleasant characteristic is often in no way offset by any other outstanding 
feature in their favour. In a very readable article by Munk (Ref. 6) on the 
selection of wing sections, he points out that of all the wing sections known and 
published, 90 per cent. are unsuitable and only 10 per cent. are suitable. 
Although the deciding features which determine the suitability of a wing section 
are fairly obvious and, of course, exclude vicious characteristics beyond the stall, 
there are still many designers in the world who keep on selecting wing sections 
out of the go per cent. 


Wing Tip Shape 


Some earlier experiments—described by Mr. Handley Page in his Wilbur 
Wright Lecture—in regard to rolling and yawing moments on wing tip slots 
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Distribution of lift and induced velocity for a 
rectangular aerofoil a=109°. 


showed larger rolling moments and reduction of the adverse vawing moments 
with slots arranged somewhat inboard, as compared with slots running right to 
the tips. 

Later experience has shown that this is not the case in free flight, as stability 
in roll is greatly diminished if the slots do not extend sufficiently outboard, and 
if stability fails, lateral control by ordinary ailerons breaks down at the same 
time. We can now definitely state that slots should extend as far outboard as 
possible, and if the spars are tapered near the tips, the distance from the outer 
slot ends to the outer wing tips should in no case be more than about 5 per cent. 
of the semi-span. (This follows also from Diagram No. 3.) This condition is 
especially important where wing sections of pronounced autorotative tendencies 
are employed. This point must be taken into account in the design of new 
aireraft to be fitted with wing tip slots. Square shaped wing tips are most 


= 
= 


2S4 G. V. LACHMANN 


suitable from this point of view, whereas clliptically rounded tips are worst. In 
some cases where the wing tips are very much rounded off or tapered, slots mas 
priort be a hopeless proposition. 


Methods of Determining Slot Dimensions 


Static experiments only in regard to lateral stability and control in stalled 
flight may accordingly lead to wrong conclusions. A much better approxima- 
tion to actual conditions in free flight is obtained by mounting the acrofoil so 
thar it may freely rotate about an axis parallel to the flow and passing’ through 
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Derived lift curve for acrofoil fitted with wing tip slo 


its assumed C.G. position. We have for some time adopted autorotation tesis 
as our standard method of determining the necessary dimensions of wing tip 
slots, and where we have obtained positive damping in roll up to about 30-35 
on a model, we have found that slots designed accordingly have behaved satis- 
factorily in full-scale. On the other hand. slots reported as unsatisfactory on 
an aeroplane have similarly failed when subjected to this wind tunnel test, but 
were satisfactory when modified to fulfil this test 

Having now dealt with the design of wing tip slots, I] return to the question 


of control, 
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I1].—THE IMPROVEMENT OF LATERAL CONTROL BEYOND THE STALL 


Wing tip slots are, as I have already pointed out, primarily stabilising means. 
Consequently they prevent a breakdown of aileron control in stalled flight, but 
they do not contribute in any great degree to improving lateral control, 

Lateral control is especially poor and sluggish. if square aileron setting Is 
employed, due to the large adverse vawing moments produced by the down-going 
aileron. The rolling moment, due to vaw, may in some cases completely offset 
the rolling moment for which the aileron is set. 


This may lead to an unpleasant 
situation in the event of a stall occurring during a steeply-banked turn. 
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As it is impossible to lift the dropped wing qui klv, the large yvawing moment 
on this wing will bring the nose of the aircraft down and control will only be 
regained after a short nose-dive, 

For fighting aircraft, stability in stalled flight and the prevention of the 
involuntary spin is as desirable as for ordinary types of aeroplanes, but, on the 
other hand, a very high degree of controllability is required at large angles of 
incidence, For certain manceuvres the autorotative properties of the wings are 
used to accelerate the motion (flick roll), but this helpful effect, is, of course, 
not present when the wings are fitted with wing tip slots. This, I 
the chief reason why slots have so far not been fitted to single-seater fighters, 


believe, is 
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thus depriving this type of aircraft of a valuable improvement in regard to 
safety. 

The obvious solution of sharpening up lateral control is a device which is 
so interconnected with, and controlled by, the aileron as to destroy the slot 
effect on the side of the wing where the aileron rises. 

Two such devices, apart from slot and aileron control, developed and tried 
out in modern full-scale aeroplanes, are the spoiled slot (Ref. 7) and the 
interceptor. 


Spoiled Automatic Slot 
The main difference between the interconnected slot and aileron control 
and the spoiled automatic slot is that in the first case the down-going aileron 
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10. 
Normal force coefficients for an aerofoil of R.A.F. 34 wing 
section with slots and with interceptors. 


opens the slot, whereas in the spoiled automatic slot the slot is closed by the 
up-going aileron. The spoiled auto slot device therefore has the advantage 
of not interfering with the stabilising characteristics of the automatic slot in 
stalled flight. The spoiled auto slot device is shown in Fig. 9. 

The lower end of the rear link of the slot mechanism is pivoted to a swinging 
lever which is connected to the aileron by a cable. This device, tested on a 
** Siskin ’’ in comparison with the interceptor auto slot, and the interconnected 
slot and aileron control, was found less effective than either slot and aileron 
control or interceptor auto slot, the latter being found ‘‘ distinctly superior to 
all other types at the stall.’? (Ref. 11). 
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Interceptors 


The interceptor is a plate which is arranged behind the slot so as to lie flat 
on the contour of the wing section, or to disappear inside the wing section. It 
can be raised by the upward movement of the aileron with the object of spoiling 
the flow over the top of the wing section, thus causing the flow to break down. 
This, of course, causes burbling and results in a drop of lift and increase of 
drag (Fig. 1o). 

Obvious and simple as the aerodynamic principle for the interceptor may 
appear, it has been found, however, chiefly as a result of extensive full-scale 
research work, that proper working of the interceptor depends to a great degree 
on the correct fulfilment of several conditions which are partly of an aerodynamic 
and partly of a mechanical nature. 

Three main points have to be considered to ensure proper and_ effective 
control by the interceptor : 

(a) The position of the interceptor relatively to the slot. 
(b) The size, span and depth of the interceptor plate. 
(c) The gear ratio between interceptor and aileron movement. 


17. 


Early types of interceptor mechanism. 


The interceptor was first arranged as a plate which could be moved up and 
down through a transversal slit on the top surface of the wing. At the normal 
aileron position, or with downward aileron movement, the plate remained inside 
the wing, but for upward aileron movement it was caused to project above the 


wing surface. Another method consisted in hinging the plate at its forward edge 
so that it remained flush with the wing surface for normal and downward aileron 
settings (Fig. 11). In order to simplify the mechanical solution, the interceptor 


plate was situated just behind the trailing edge of the slat in the slot closed 
position. With slot open there was a considerable gap between the rear opening 
of the slot and the interceptor plate. In both cases the connection between the 
aileron and interceptor was such that the interceptor did not come into action 
for the small aileron movement used at high speed, where an unpleasant shudder 
is caused on the control stick if the interceptor comes into action. This type 
of interceptor gave somewhat unsatisfactory results, which were chiefly attributed 
to the large gap between slat and interceptor plate. It was, however, discovered 
later that the shape of the interceptor plate apparently has a comparatively large 
effect on interceptor efficiency. (R.A.E. later employed a curved interceptor 
with a concave face forward which gave satisfactory results, although there was 


a considerable gap between the slat in the slot open position and the interceptor.) 
The plate was then moved closer to the slat and gave an improved resul! 
when located directly behind the slat and practically closing the exit of the slot. 
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Latest type of Handley Page interceptor mechanism 
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Interceptor mechanism for the track type. 
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This position necessitated the design of an operating device which was auto- 
matically put out of action when the slot was closed, as otherwise the rising 
interceptor would have fouled the slat, but gave an added advantage that aileron 
control in normal flight was not influenced by the interceptor action and_ side- 
slipping qualities were not interfered with. The interceptor plate hinged on the 
upper surface of the wing was operated by a rocking lever, attached to the 
slat rear link, which could only come into action when the slot was fully open. 
One end of the rocking lever was connected with the aileron, either by a cable 
or a telescoping rod, which provided sufficient lost motion for the aileron to move 
fully up and down in the slot closed position. By suitably mounting the operating 
lever so that its pivot point was locked in its forward position we avoided any 
tendency of the aileron pull to close the slot. 

We found that this locking device could be so designed as to allow the 
slat to move a small distance backward before putting the locking device out of 
action. 

Two typical devices for link and track slot mechanisms are represented in 
Figs. 12, 13 and 14. 


haa. 15. 


Swiss D.H. 3 aircraft filled with Handley Page slots and 


inte reentors 


A somewhat different: cup-shaped interceptor developed by the R.A.E. is 
represented in principle in Fig. g. This type of interceptor gave satisfactory 
results on a ‘* Siskin *’ and Bristol Fighter, being found more gradual in its 
effect. The type first deseribed was rather more powerful, but came into action 
with a definite flick. This is probably due to the fact that a cup-shaped inter- 
ceptor breaks down the flow as soon as it Comes into action, while the hinged 
interceptor plate only becomes effective after it has moved through a certain 
angle. The disadvantage of the first device is that it makes control in normal 
flight stiffer and that it interferes with the side-slip by turning the nose of the 
aircraft into the side-slip. It is also to be feared that the felt packing of the 
slit may freeze up at high altitudes and cause a jamming of the aileron control. 
This type could no doubt be improved by applying a cut-out mechanism so that 
the interceptor would only be operated when the slot is open. 

\ high gear ratio between aileron and interceptor movement is important. 
In other words, the interceptor should be fully up after the aileron has moved 


> 
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upwards through a relatively small angle of 6-8.° This is essential for two 
reasons. 

Lateral movement of the stick, while the latter is pulled hard back, is 
greatly restricted in most aeroplane cockpits. Therefore, if the interceptor 
maximum up position and the maximum up aileron angle coincide, the interceptor 
will actually never reach this position, as the pilot is not able to put the stick 
hard over when pulled hard back. 


16, 


Slots open, aileron down. 


FIG. 17. 


Slots open, aileron up, interceptor up. 


A second reason is that if the interceptor does not come into action quickly, 
an adverse vawing moment comes into action, due to the down-going aileron, 
and diminishes the rolling moment and the beneficial yawing moment produced 
by the interceptor. This is particularly noticeable on wings with square aileron 
setting. 

The force on the interceptor plate, combined with the high gear ratio results, 
of course, in increasing the contro] forces, unless a balancing device is used. 
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This force we measured on a model interceptor plate at various anvles, bs 
integrating the pressure at the front and back of the hollow plate, and from 
these figures calculated the normal force coefficient. 


Interceptor plate normal to contour Interceptor at—45° to normal. 
12 456 303 .450 
+ 20 -410 .294 . 300 


C.P. is expressed as fraction of interceptor chord. 


Kia. 18. 


Bip tne model assembled on autorotation device. 


FIG. 19. 
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The forces measured in full-scale were somewhat higher (K, eo .55), pro- 
bably due to the fact that the boundary layer on the model was relatively thicker 
than on full-scale. 


On monoplanes or sesquiplanes, the span of the interceptor can be smaller 
than with biplanes, as a relatively large percentage of lifting surface is affected, 


or in other words, a more powerful effect is obtained than on biplanes with inter- 
ceptors of the same size. 


PIG. 206: 


Apparatus fo 


r recording deceleration. 


FiG.. 21. 


Experimental Investigation of Interceptor Effects 


To determine the controlling effect of the interceptors we employ the 
method by which we determine the stabilising effect of wing tip slots. The addi- 
tional apparatus to measure the damping moments, ete., is fully described in 
Appendix II (Figs. 18, 19, 20 and 2r) 


same 


\ series of tests were carried out on a model of a single-seater biplane type 
fitted with floats. The model had the following dimensions : 

Wing span (upper wing) 

(lower wing) 


Wing chord 


=) 


The model was rather heavy as the wings were moulded of plaster of Paris 
on a metal foundation. The following arrangements were investigated :— 
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(1) Normal unslotted condition, ailerons at plus 30° (Fig. 22). 
(2) With wing tip slots on top and bottom wing, ailerons at plus/minus 
30° (Fig. 23). 
(3) Wing tip slots plus interceptors on top wing only, ailerons plus/minus 
30° (Fig. <4). 
(4) Wing tip slots plus interceptors on top and bottom wings, ailerons 
plus/minus 30° (Fig. 25). 
(5) Interceptors on top and bottom wing without slots (Fig. 26). 
The damping moment coefficients are given in the form of 
K,,=Damping moment/SspV? 
(1) In interpreting the results obtained it is obvious that test No. 1 is only 
of academic interest because we know already that ordinary ailerons are useless 
in stalled flight, due to the strong adverse yawing moment which they produce 
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and which in turn set up a rolling moment of opposite sign. On the other side 
we know from actual flying experience that interceptors produce a large useful 
yawing moment which assists the rolling moment produced by the ailerons. 

(2) Up to an angle of a=30° there is considerable improvement in lateral 
control compared with the unslotted condition. However, from a=35° onwards 
the control is actually worse in that there is no complete damping in roll at all, 
the model continuing to autorotate at a fairly high rate. 

(3) These results show a very considerable improvement over (1) and (2), 
the values for damping measured over a= 30° being considerably higher than in 
either of the two previous cases. From a=35° onwards, however, there is no 
advantage over the normal unslotted condition, at least under the conditions of 
the experiment. This is probably due to the autorotative properties of the bottom 


wing, which apparently is completely stalled and may shield the top wing. 
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FIG. 27. 


Autorotation diagram for biplane model. 


(4) This arrangement results in a very satisfactory control and shows con- 
siderable increase in effectiveness over any of the other arrangements. Values 
of damping moment are extremely large and up to a=45° are not accompanied 
by a rapid fall off for smaller values of PS V. Good damping is obtained up to 
1=50, but from there onwards the results are similar to the normal unslotted 
condition. 

(5) Results are comparable with those obtained with slots and interceptors 
on top wing only. 

Finally the autorotation diagram for the complete machine with slots on 
top wing is given in Fig. 27. Autorotation commences relatively early, probably 
due to the unfavourable wing arrangement. 

In full-scale slots and interceptors have been fitted so far to biplanes only, 
and always only to the top wing, where they were found to be sufficiently 
efficacious. In this particular case of a biplane with no stagger and a larger 
bottom plane the conditions are somewhat abnormal; this may account for the 
pronounced superiority in control when top and bottom wings were fitted with 
slots and interceptors. 


Full Scale Determination of Interceptor Effect 


Far better than any experimental or theoretical investigations (step-by-step 
integration) is, of course, full-scale determination of the motions of an aeroplane 
at the stall. 

Diagrams Nos. 28-30 are flight records obtained on a Bristol Fighter fitted 
with slot and interceptor control which were obtained by means of a three-axis 
rate of turn recorder developed by the R..\.E. (Ref. 8). This instrument is briefly 
described in R. & M. No. 1,228 (Ref. 9). It supplies a continuous photographic 
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record of the rates of turn of the aeroplane about its three-body axis, and at the 
same time an electrically-driven timing clock provides a time mark on the record. 

Fig. 28 shows the motions of the aeroplane with the control centralised after 
a disturbance induced by ailerons. 
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Fig. 29 shows the motions of the aeroplane with the aileron control reversed 
5 . 
Che action of the rolling moment at reversal is 
indicated by the increase in the reversed maximum of p. 


The rate of vaw is not 
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immediately checked at reversal, but there is subsequently a quick reversal in 
sign. 

Fig. 30 represents the motions with the rudder centralised and the aileron 
reversed after a disturbance induced by the rudder. This diagram illustrates 
very convincingly how quickly the lower wing can be raised by the aileron. It 
also indicates how the rate of vaw is reversed, which becomes zero about two 
seconds after the rate of roll is zero. 
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1V.—SPIN-PROOF AEROPLANES 


Many attempts have been made to develop an aerofoil or combination of 
acrofoils which would render an aircraft spin-proof. 

Some success in producing a wing arrangement giving a positively sloped 
Ky, curve was achieved by Fuchs and Schmidt (Ref. 10) in Germany by arranging 
an auxiliary aerofoil above the leading edge of the main aerofoil at a negative 
angle of incidence. A proposal by Betz (Ref. 11) to interconnect two slits on 
the top surface of the wing tips in order to produce a transversal flow, has also 
led to some interesting results. 

Quite recently Dr. Schmidt has published some new results of exhaustive 
research work to find a wing without autorotative tendency (Ref, 12). It was 
found that an aerofoil sub-divided into a series of slits parallel to the span pro- 
duced a positively sloped K, curve and a wing fitted with wing tips of this type 
proved indeed to be stable in roll, even at very large angles of incidence. <A great 
disadvantage of this solution is a considerable increase in profile drag combined 
with loss in lift. 

About a vear ago the German Focke-Wulf ‘ Habicht ’’ was largely adver- 
tised on account of its inability to spin. <A little study of its structural features 
reveals very quickly to the aerodynamically-trained eye that there is no mysterious 
effect utilised, and that the behaviour of this machine is just the outcome of a 
special design policy. The characteristics of this aeroplane are, in brief: A thick, 
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tapered wing with washout towards the tips; an inefhcient elevator, and an 
undersized rudder combined with large side-area. 

Good damping in roll at comparatively large angles of incidence is a general 
feature of most thick sections, and this characteristic may be still improved by 
the outwash. The stability thus obtained is apparently strong enough to make 
it impossible for the inefficient controls to produce autorotation. Needless to 
say, this method invariably results in a poor overall control which automatically 
excludes it for most military purposes. 

The same basic idea could be applied on other machines by means of slot 
and interceptor control without reducing controllability below and beyond the 
stall. The key for the solution appears to be reduction in rudder power. | 
take it for an admitted fact that even by use of powerful elevators it is impossible 
to stall effective wing tip slots, which generally reach angles of the order of 35 
before losing their damping effect in roll. 

Lateral control on the other side is greatly improved beyond the stall, as we 
have seen, by the interceptors. 

Starting a spin on an aeroplane fitted with wing tip slots is only possible 
by forcibly using all controls, and the most important control seems to be the 
rudder. If the rudder is not very powerful it is not possible to put the machine 
into a spin at all. 

Large, if not to say oversized rudders, came into use (a) in order to over- 
come the adverse yawing couples of ordinary ailerons in stalled flight, and to 
prevent and intercept the incipient spin, and (hb) in order to facilitate recovery 
from a fully-developed spin. Now, as the danger of the incipient spin has been 
successfully met by the introduction of the automatic wing tip slots, and as inter- 
ceptors have dealt with the yawing moments due to ailerons and are producing 
vawing moments assisting the rudder, there seems to be no longer any necessity 
for oversized rudders. 

In spite of the strong yawing moments introduced by interceptors, they do 
not, however, assist the entry into a spin. It should be kept in mind that on 
a rudder the yawing moment ts the primary effect, and the roll the secondary 
one. With interceptors it is just opposite; the rolling moments are the primary 
effect and yawing comes in as a secondary consequence. In other words, when 
interceptors are operated the wing drops quicker than the machine yaws, which 
results in a sideslip and steep spiral (if the elevator is held back), but not in a 
spin. If a spin cannot be started, even by the most forcibly combined abuse of 
all controls, there is no longer any necessity to provide a large rudder area for 
recovery. 

One might say that a large rudder is required for aerobatics, but it should 
be considered that in those cases it is mainly used to counteract adverse yawing 
moments of the ailerons. A very good example that a machine can be made 
spin-proof without necessarily interfering with its controllability is the ‘‘ Siskin,”’ 
which has been fitted with slots and interceptors by the R.A.E. This machine 
possesses, according to the pilot’s report (Ref. 12), an excellent control beyond 
and below the stall, but cannot be thrown into a spin. TI believe that similar 
results can be obtained on most machines by carefully reducing the rudder power 
and at the same time providing good damping in roll by means of sufficiently 
large and correctly-adjusted slots. ; 


V.—LONGITUDINAL STABILITY AND CONTROL IN STALLED FLIGHT 


We can classify the conventional type of the modern aeroplane into three 
different categories in regard to the efficiency of the longitudinal control at and 
beyond the stall, namely : 

(a) Such aeroplanes where the elevator control, combined with the 
available tail range, is insufficient to reach the stalling angle at all; 
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(b) Such aeroplanes which can just reach or slightly exceed the stalling 
angle ; and finally 
(c) Aeroplanes which are fully stallable. 

Under heading (a) fall many aeroplanes of the cantilever thick wing type, 
which are outside the scope of this paper. 

A large number of present-day aeroplanes, especially of Continental or 
American design, come under heading (b). Here we have to distinguish between 
two types, one with pleasant and one with unpleasant—nay, dangerous 
characteristics. 

On the pleasant type, usually monoplanes, elevator control gradually becomes 
soggy when large angles of incidence are reached, until it fades out almost 
completely at stalling point. When this state is reached the aeroplane drops its 
nose in a gentle way to gather speed. If the stick is held back a series of con- 
tinued phugoidal oscillations develop. 

On the dangerous type the loss in elevator control is very sudden and is 
accompanied by a rapid dropping of the nose and a steep and even rather prolonged 
nose-dive. If the machine is fitted with ordinary wings, this motion is very 
often inseparably accompanied by the dropping of one wing, which results, of 
course, in an incipient spin. I would like to point out, however, that this is 
not a necessary condition, and the sudden dropping of the nose with the resulting 
nose-dive may even occur on machines which are laterally stabilised by means 
of wing tip slots. Aeroplanes of this type should definitely be prohibited, or the 
deficiency of the longitudinal control remedied. 

There is little to say in regard to group (c). They are, of course, only 
safe if they are laterally stable when stalled. They are the only suitable tvpe 
to perform steep stalled glides, and, in order to further develop this technique, 
the elevator control should still be improved. 

Longitudinal stability of fully-stalled aeroplanes has been theoretically and 
empirically dealt with in various papers (Ref. 2). Some of the aerodynamic data 
on which calculations were based still appears rather uncertain, and require 
confirmation by further experimental research. Full-scale trials have so far been 
carried out only on a certain type where very large angles of incidence were 
obtained by means of excessive rearward C.G. positions. They are of a more 
academic interest, but in any case they do not indicate any abnormal characteristics. 
In other words, the real problem of flying at large angles of incidence is not 
longitudinal stabilitv, but longitudinal control. 


Causes for Loss of Elevator Efficiency at Large Angles of Incidence 


The loss of elevator control at large angles of incidence is mainly due to two 
influences; reduction of downwash angle, and shielding of the tail by the wake 
from the centre section of the wing. Let us first consider the downwash. 

In Fig. 31 the ratio of downwash angle over angle of incidence has been 
plotted as function of angle of incidence. These results were obtained on a 
model of a standard biplane (Handley Page ‘‘ Hare ’’).. The angle of downwash 
at the tail was not measured directly by means of a pair of pitot tubes, but we 
found it more convenient to measure it indirectly by determining a zero setting of 
the tail plane which would produce zero tail moments. 

This was done by measuring, independently from each other, wing moments 
and resulting moments (with various tail settings). Plotting both curves over 
angle of incidence, the angle of zero setting is determined by the coincidence of 
both curves. The curve for resulting downwash angle thus determined reveals 
in a striking manner how the angle of downwash is reduced to practically zero 
as the stalling angle is approached and exceeded. (See also Bairstow, Ref. 13.) 

This fact explained clearly why so many aeroplanes can hardly be stalled 
at all and why it is so difficult to hold a stallable machine in its stalled condition. 
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Fig. 32 represents a curve indicating what maximum tail settings, including 
fully-up elevator, would be required on this type to maintain very large angles 
of incidence. ‘These results were obtained with the same machine, and they 
indicate that an extraordinarily large tail range is required to maintain very large 
angles of incidence for normal C.G. positions. 

The characteristic behaviour of the downwash is, of course, a consequence of 
changes in the lift distribution. 


| SCALE 


470 


rae 


4 ANGLE OF DOWNWASH /N REGION OF TALL 9 


(ZONTAL 


“ATIVE TO NORMAL HOR) 


RE 


° 
MEASURED 


OF FAIL 


REG/O; 


OOWNWASA /N 


UF 


= AN 


| ANGLE OF /NC/DENCE 


LOWER WING CHORO 
LOWER WING CHORD. 


| | 
| 
| 


Nic. 31. 


Angle of downawash in the reqion of tail for biplane model. 


For an elliptical distribution the induced velocity across the span is constant, 
and the angle of downwash is proportional to K,. The condition of elliptical 
lift distribution is hardly ever strictly fulfilled, and the disc repancy becomes most 
pronounced if the stalling angle is approached. The flow begins to break away 
in the centre of the wing and we obtain a distribution indicated in Fig. 6. It 
follows quite generally from the vortex theory that a distribution with such a 
saddle in the centre as indicated in Fig. 6 must produce a sheet of vortices 
behind the centre of the aerofoil, turning in the opposite sense than those due 
to the regular distribution, and the influence of these vortices results in an upwash 
at the tail. 
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It is likely that the centre section of the wings has a decisive influence on the 
breakaway of the downwash. Very often the centre section is not only reduced 
in chord, but also reduced in camber and thickness compared with the outer wings, 
which may cause a drop in lift and a more or less sudden change in downwash, 
at a certain ang!e, resulting in a loss of elevator control. 

The conditions are different when the airscrew is running, because then the 
slipstream over the centre section increases its lift and also probably delays 
burbling, thus filling in the saddle and providing normal downwash. — é 

This consideration seems to point out very clearly that increase in elevator 
efficiency at large angles of incidence is not in the first place a question of 
increasing the size of elevator and tail plane, as it is often suggested, but of 
clevator and tail plane range. 

In aeroplanes where flying at large angles of incidence with a steep gliding 
angle 1s to be practised and utilised, a different type of longitudinal control is 
required than is now the standard. 
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Tail settings required to trim at large angles of incidence, 


Instead of a tail adjustable to a small extent by a separate hand-wheel, an 
all-movable tail plane of increased range should be developed, allowing the pilot 
to combine the operation of elevator and tail plane control in one single action. 
Merely increasing the range of the ordinary adjustable tail plane, separately 
operated, is not an advisable solution unless it can be operated very quickly, 
because it may lead to danger when the throttle is suddenly re-opened with the 
tail set for a steep stalled glide. 

So much for the direction of flow at the tail plane and its characteristic 
change at large angles of incidence. Another point of great importance is the 
intensity of the flow or the shielding of the whole tail unit by the wings at large 
angles of incidence. 

Some years ago, while in Japan, I experienced, on a certain design, a peculiar 
kind of longitudinal instability and ineffectiveness of control at large angles of 
incidence. It occurred to me then to investigate the distribution of pressure in 
the vertical plane of symmetry behind the wings at the position of the tail. 
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Tests were carried out, with the kind assistance of Professor Wada, in the 
laboratory of the Tokio Imperial University. It was then discovered that behind 
the top and bottom wings two wind-shadows exist where the pressure is con- 
siderably reduced in magnitude compared with the undisturbed flow. The 
contours of these shadows were clearly defined. The reduction in pressure was 
considerable and increased with the angle of incidence, while the shadows them- 
selves moved in an upward direction. 

These shadows, of course, represent the profile drag of the wing, which, for 
each element of the span, can be found by integrating the total pressures in two 
vertical planes in front and behind the acrofoil. 

Later on, we systematically developed this method for the purpose ol 


properly arranging the tail unit relatively to the wings. 


lrrangement of pitot tubes to measure aerodynamic 


pressure i regtou of the tail 


Instead of a single movable pitot tube, we now employ a comb of 12 pitot 
tubes of very small diameter, which are arranged on a strut. The outer diameter 
of the pitot tubes is only 3 mm., but we found that they give quite reliable 
readings (Fig. 33). 

Kach pitot tube can be moved in an axial direction relatively to the strut. 
Phe tubes are connected with a set of  U’’ tube manometers which are mounted 
on an inclined board (Fig. 34). A sheet of paper can be placed behind the 
tubes, and the differences in level are directly marked on the paper. At the 
same time, the dynamic pressure p=p,7,”7 of the undisturbed flow is recorded, 
and the ratio p/p, is then plotted. Figs. 35-38 represent some results obtained 
for a cantilever tapered monoplane wing, with and without slots and flaps, and 
for a normal biplane. It was thought most convenient, from the designer's point 
of view, to record and plot the pressures in a plane vertical to the chord line of 
the wing section, as then the position of the wind shadow relatively to the wing, 
and its influence on the tail unit, becomes most significant. 

In the case of the monoplane wing, the pressures were measured in a plane 
vertical to the chord line and about 2.3 mean chord lengths behind the wing, and 
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3.5 chord lengths in the case of the biplane cellule. These are average distances 
at which the tail unit is usually arranged behind the wing. 
The wind shadows behind the wing reveal three important characteristics :— 

1. Below stalling angle the wind shadow is below the wing and indicates 
the direction of downwash. 

2. When the stalling angle is approached the wake travels upwards, 
and beyond the stalling angle the wind shadow of the centre of the 
acrofoil is directly behind the wing, indicating that the downwash 
has broken away from the centre. ‘The downwash is then con- 
centrated at the tips (which confirms the theoretical investigations) . 


3. Inside the wake there is a considerable reduction in dynamic pressure 
which diminishes the stabilising and controlling effect of the tail 
unit. 


Mallitube manometer, 


The conclusions which can be drawn from these observations are obvious. 
In order to keep up the efliciency of the tail controls they should be arranged as 
low as possible relatively to the main wing chord so as to prevent shielding «i 
large angles and buffeting. One often finds the opinion expressed that low wing 
monoplanes have this advantage in that they permit the tail plane to be arranged 
above the wings so as to avoid the turbulent wake from the wings, which causes 


shielding of the controls and buffeting. This, however, is a delusion. Shifting 
the tail plane up will bring it right into the wake. 

I would like to illustrate this by an example. On a low wing monoplan 
fitted with slots and flaps we hoped to escape the wake by shifting the tail plane 
up. The result was complete instability. In order to clear up the mystery, we 
measured the pressure distribution and determined the position of the wake, which 
indicated that the tail plane was completely shielded. By lowering the tail plan: 


as much as possible, we were able to dodge the wake and the result was satis- 
factory stability. 
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‘ 


Krom this point of view, the advice ‘* Tails up ’’ in order to avoid shielding 
of the rudder should be applied with discretion, as it may otherwise happen that 
unshielding the rudder will result in completely shielding the clevator by the 
wings, 

I beheve that the strong prejudice which still exists in this country against 
monoplanes is to some extent due to the control difficulties which were ex- 
perienced on several types built bere, and that these failures may probably be 
accounted for by incorrect placing of the tail unit. Recently some research woris 


on the wake behind wings on a more general basis was published by the 


MEASUREMENT OF DYNAMIC PRESSURE 
ALONG A LINE NORMAL TO WING CHORD 
AND PASSING THROUGH TAIL PLANE LE 
AT TAIL. SEMI SPAN 


Géttingen \erodynamic Institute (Ref. 14) and this research work followed prac- 
tically the same lines as the method which we have employed for some time and 
which, of course, confirmed and partly extended our own observations. An 
additional finding of this report was the fact that the wake apparently does not 
depend very much on aspect ratio or shape of the wing. 

Measurements of the wake behind wings were also published by Lapresle in 
1927 (Ref, 15). However, they did not extend beyond the stalling angle wher 
the influence of the wake really becomes serious. 
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VI.—TECHNIQUE OF STALLED LANDINGS 


Let us assume that we have an aeroplane, stable and fully controllable, 
laterally and longitudinally beyond the stall, how then are these characteristics 
to be utilised to the best advantage? 

Two sensations are characteristic of stalled flying: first of all, a very notice- 
able increase of the rate of descent, and secondly the reversed effect of elevator 
control on the inclination of the gliding path. 

The first effect is illustrated in Figs. 39 and 4c where the angle of incidence, 
the gliding angle and the rate of descent are plotted as functions of the angle 
of incidence for a normal and completely slotted aeroplane. Increase of gliding 
angle for an unslotted acroplane is combined with a very high rate of descent. 
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Sinking down to the ground completely stalled would necessitate an under- 
carriage of excessive travel in order to dissipate kinetic energy at a bearably low 
load factor. 

As the rate of descent in the fully stalled condition is about twice as high 
as the maximum for which ordinary undercarriages are designed, it follows that 
at least four times the tota! travel (actually, however, even more) would be 
required to make the fully stalled landing a feasible proposition. 

For a completely slotted and flapped aeroplane, the prospects are more 
favourable, due to the smaller rate of descent, and the practical proof has already 
been demonstrated. This type of landing can be effected quite comfortably on 
a completely slotted machine having an undercarriage with a vertical travel of 
the order of 12-20in.—Curtiss Tanager,’’ Handley Page ‘‘ Gugnunce,’’? McDoa- 
nell ** Doodle-Bug ”’ (Fig. 41). 

A modification of the fully stalled landing is a ‘‘ pancake ianding *’ where 
the shock of the impact is lessened by flattening out the gliding path shortly 
before the machine touches the ground. Here we have to take into account the 
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above mentioned reversal of clevator effect. When flying above stalling speed, 
operating the elevator affects the angle of incidence, attitude of the machine and 
gliding path in the same sense, that is, tail-heavy elevator increases the angle 
of incidence, turning the nose of the machine up, flattening out the path and 
reducing the rate of descent. When gliding stalled, operating the elevator corre- 
spondingly has the same effect on angle of incidence and also turns the machine 
round in the right sense, but the angle of the glide becomes steeper and the rate 
of descent increases. Hence, in order to flatten out from a steep stalled glide, 
the clevators have to be operated in the reversed sense. 

The landing technique consists, therefore, in approaching the ground in a 
stalled glide down to a height of 200-150 feet above the ground and then pushing 
the nose Gown to unstall and flatten out in the usual manner, whereby incorrect 
timing can be corrected by short bursts of the engine. This is the usual method 
employed on aeroplanes with ordinary clevators which do not permit the machine 
to reach very large angles of incidence or very steep gliding angles respectively. 


FIG. 42. 


A recent investigation (Ref, 2d) deals theoretically with the problem of the 
steep stalled landing and indicates a novel technique which would enable the pilot 
to glide at very steep angles, but flattening out on approaching the ground would 
be effected in a different way. The author, Dr. W. Schmidt, assumes an effective 
elevator combined with tail plane, adjustable within wide limits. The result of 
the calculation worked out for the Junkers A. 35 low wing monoplane is repre- 
sented in Fig. 42. The aerodynamic data which served as a basis for the calcula- 
tion was derived from wind tunnel tests on a complete model of this aeroplane. 
The initial conditions of equilibrium are :— 


a= 28 


=63 m.p.h. 


and the change of a, y and q as a function of time due to gradual operation of 
the elevator were calculated. 
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The reduction of a follows approximately the same exponential function e-** 
according to which the stick is moved forward. Superimposed on this function 
is a damped oscillation, the amplitude of which depends on how suddenly the 
controls are operated. 

The change of gliding angle with time soon becomes nearly constant, and 
it was found that it could be expressed in first approximation by 


¥ (S/W) Ky). 


In other words, the direction of the path can be changed more quickly, the 
higher the velocity, the smaller the wing loading, and the greater the difference 
of the lift coefficients corresponding to the original and the new angle of equili- 
brium respectively. For this method of landing, therefore, a wing section is 
required with a pronounced fall of lift extending over a sufficiently large angular 
range beyond the stall. 

On aeroplanes fitted with such sections, the direction of flight in a steep 
stalled glide can be changed as quickly as in an ordinary flat glide below stalling 
point, the only difference being that in order to flatten out the stick has to be 
pushed forward instead of being pulled back. Whilst the extent to which this 
method can be employed has still to be fully demonstrated, yet it appears that a 
completely slotted wing combined with an undercarriage of increased energy 
absorption affords at the moment the simplest and easiest method for performing 
a steep landing at relatively low rates of descent. 


CONCLUSION 


In the foregoing I have reviewed developments which have taken place in 
lateral stability and control beyond the stall. I have, in addition, outlined the 
less explored problems of longitudinal control bevond the stall. I have made a 
few suggestions as to the way existing technique can be applied to produce a 
fully controllable spin-proof aeroplane capable of being landed in restricted areas. 

It is now some 14 years, when, as the result of an involuntary spin and 
crash, I first had a period of enforced rest to reflect upon the personal aspects 
of spinning phenomena. The vivid impression left upon my mind was and stil! 
is that to make an aeroplane spin-proof is much more important that to accept 
the situation that spinning is an inherent characteristic of the aeroplane and make 
the best of it. 

In conclusion, I would like to express my thanks to the Secretary of the Air 
Ministry for permission to publish Diagrams 28, 29 and 30, to Capt. Héver, 
R.N.N., for permission 1o publish the test results obtained with slots and 
interceptors fitted to a biplane model, and to Handley Page, Ltd., for allowing 
me to use so much of the data obtained in their service. My special thanks are 
due to Mr. F. Handley Page for his unfailing support of the experimental worix 
and his stimulating advice. I am alse greatly indebted to Mr. G. C. D. Russell, 
who has looked after all the wind tunnel tests, and to Mr. R. S. Stafford, who 
has assisted me with the necessary numerical calculations. The successful 
development of the interceptor device was greatly stimulated by the helpful 
criticism from the test pilots, Squadron Leader England and Captain Cordes. 


APPENDIX 


I. 
Calculation of the Distribution of Lift and Induced Velocity for an Aerofoil 
Partly Stalled 


The calculations were made for an aerofoil of R.A.F. 28 section. The lift 
curves for a normal aerofoil and a completely slotted aerofoil are shown in Fig. 
43 for aspect ratio 6 and %. 
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The crdinary method (first suggested by Trefftz and developed by Glauert), 
where the circulation across the span is expressed by a Fourier series, was first 
of all tried. It was, however, found that owing to the singularity which occurs 
where the unstalled flow (dK,/da>o) changes over to stalled flow (dK,/da<o), 
the ordinary method of determining the coefficients of the Fourier series breaks 
down. Although it seems to be possible to arrive at a suitable mathematical 
method of determining the coefficients by approaching the singularity from both 
sides, a graphical method first suggested by A. Fage (Ref. 16), for calculating 
the iift distribution of a tapered wing, was found to be simpler and more practical. 
As this method was published ‘as long ago as 1923 and has remained compara- 
tively unknown, full details are given below. 

According to the Lanchester-Prandtl vortex theory, a vortex leaves the 
trailing edge of an aerofoil wherever a change of circulation occurs. Since the 
circulation changes from a maximum value in the centre to zero at the tips, there 
is a sheet of vortices with rolled up edges extending behind the trailing edge, the 
total strength of which is equal to the total circulation. Each elementary vortex 
induces in each element of the acrofoil a downward velocity which reduces the 
effective angle of incidence. If a, denotes the geometric angle of attack, the 
effective angle of incidence of an clement is 

(Ww lv). 
The circulation K is determined by 
and if ‘* y ’’? denotes the distance of an element from the centre of the span, the 
induced velocity resulting from the circulation of all elements which compos= 
the acrofoil is obtained from :— 
+3 


‘ 


V {d (Kye)/dy } {dy /(y,—-y) } 
In order to evaluate this integral, it is split up into two sections. The first 
section is of the form 
el 


(A, .c)/(y,—y)4 CERT -y) where 


e,=value of (K,.c) at y=(y,—Z) and | 
e,=value of (A, .c) at y=(y,+Z). 


This integral can be graphically evaluated by plotting 1/(y,—y) against 


(kK, .c) as y varies from —s to (y,—Z) and from (y,+Z) to s. | 
In the second section of the integral 

| 

= | (d(K,.c)/dy}. {dy/(y,—y)} 

y Z | 


as y¥,-—y=2 and dy/(y—y,)=—dz/z, we obtain 
Z 


d= (K, dy) y 2 (d dy), Lez | dz 


It can be graphically evaluated if the lift across the span and hence the 
values of d (K,c)/dy for each point of the span are known. 

The Prandt! theory requires now that for each point of span lift and down- 
wash must be co-ordinated. This agreement is obtained by a method of trial 
and error. One starts with a reasonably assumed lift distribution, calculates th« 
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corresponding induced velocity and with the help of a lift curve for infinite aspect 
ratio works back to a new lift distribution. This lift distribution is used as the 
second approximation and the process is continued until the theory is satisfied at 
all points of the span. In the case of the acrofoil with Wing tip slots, a distribu- 
lion of lift obtained by means of Fourier series was used as first approximation, 
but had to be considerably modified (about 20 approximations) until the final 
agreement between lift) and downwash was obtained. It is thought, however, 
that the curve finally obtained may well serve as a fairly exact model curve for 
future calculations and reduce work considerably to one or two approximations. 

\fter the distribution of lift) and induced velocities have been calculated, 


induced drag follows as a matter of course. 
Ka =1/S) { (vo) K, } edy 


Phe lift distribution for the aerofoil with wing tip slots differs considerabis 
from the one which is generally adopted for stressing purposes (indicated in the 
diagiam by dotted lines). It is, therefore, suggested that stress calculations for 
wings fitted with wing tip slots be modified on the basis of this assumption. 


Il. 
Description of a Device which was Used to Measure Damping in Roll 


Phe model to be tested is assembled on the autorotation device and statically 
balanced by means of a counterbalance weight (igs. 18 and 19). The inter- 
ceptor is then fitted to one wing tip and the model forced into a high rate of 
rotation against control setting by means of a weighted cord wound on to a pulley 
atteched to the rotatine spindle. The air through the wind tunnel is then turned 
on and a record obtained of the rotational velocity at constant time interval 
during deceleration, as well as the total time taken to damp out the motion 
completely. 

It was found that the use of a revolution indicator was not practicable for 
these tests owing to the difficulty of obtaining sufficiently accurate readings of 
hoth rotational velocity and time simultaneously; also, was not possible to 
obtain an indicator of this type capable of measuring very low rates of rotation. 
\ special instrament has) been designed, therefore, which gives a permanent 
record on a paper tape of the rotational velocity during deceleration. This 
instrument consists of a Larograph stylus arm operated by clectro-magnet, 
the circuit: being opened and closed by means of a commutator and brush fitted 


10 the rotation spindle. “The stylus arm itself, therefore, indicates cach revoiution 
of the model on a paper tape moving at a constant speed of two inches per 
second. From this record it is possible to determine at any instant during 


deceleration the rotational velocity of the modet (Figs. 20 and 21). 
In order to determine the damping moment it is necessary to find the moment 


of inertia of the whole system, This is done by assembling the model on the 
spindle and attaching a weak spring to cach wing tip and to a fixed beam above 
the model respectively. By this means the model and attendant system are made 


to oscillate about the wind axis and the moment of inertia at various angles can 
then be deduced from the laws governing elastic angular oscillations : 
T=Time and seconds of one complete oscillation. 
Torque required to produce angular displacement. 

This method although somewhat laborious, but simple and cheap in regard 
to the apparatus employed, may appear a little primitive compared with the 
aecurate instruments at the disposal of scientific institutions; however, it has 
enabled us to obtain results of sufficiently quantitative accuracy. 
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DISCUSSION 


The CHarrMan: On behalf of the Society he congratulated Dr. Lachmann 
on his extremely interesting and exhaustive paper on so important a subject, and 
upon the fact that he had presented it so clearly in English, which was not his 
native tonguc, 

Mr. H. E. Woimprrts (Director of Scientific Research, Air Ministry): He 
welcomed the paper because the subject of control beyond the stall was very 
much in the minds of those concerned with aviation at the moment. It was 
well known how much Mr. Handley Page and Dr. Lachmann had done in the 
past to enable them to avoid the worst dangers that can arise in aircraft through 
lack of control beyond the stall, and all were grateful to them for having brought 
about a notable decrease in the number of accidents as one of the great results 
of that work. 

In opening a discussion of this kind, he could not but regret that Professor 
3. M. Jones, of Cambridge, was not at the moment in this country, for this was 
a subject which he had made his own; a few days ago he had left for South 
Africa. However, at the last meeting of the Society his colleague, Mr. W. S. 
Karren had given a highly experimented lecture coneerning air flow round. the 
wings, tails and other parts of an acroplane, and one could not help considering 
that lecture and Dr. Lachmann’s together So far as the slot and its interceptor 
were concerned, they naturally wished to arrive at the very best combination of 
the two, bearing in mind that they wanted, not merely the stability which the 
automatic slot and the interceptor gave, and the control that they brought, but 
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the ability to be able to sideslip a machine when desired. On the other hand, 
they were, he confessed, desirous of getting rid of the *t whole jot ’’; it was a 
great nuisance to have at the wing tips these moving accessories, although they 
did not know how to do without them, and he must confess to Mr. Handley 
Page that this was the case. At the same time the study of what happened in 
the air flow round the wing tips was being pressed on; that would heip them 
towards perfecting these devices, and it might also indicate some way of avoiding 
the necessity for their use. That study was being made in this country and also 
by the National Advisory Committee for Aeronautics of the United States. He 
felt sure—and no doubt there were many who agreed with him—that a good many 
of the calculations made in regard to air forces and air flow under these difficult 
conditions were somewhat lacking in convincing power; they were complicated, 
and when they came to a complication it nearly always happened that some 
** derivative *’ which had to be put in was not known with quite sufficient 
accuracy to justify the drawing of very decided conclusions from the results. 
Therefore, he was very glad that Mr. Farren was at work with his smoke 
apparatus, and that similar work was being carried out also at the National 
Physical Laboratory, as well as in America, and no doubt elsewhere. He liked 
the methods because by means of them one could see what was going on and had 
not merely to infer it. It was true that, as Mr. Farren had pointed out, the 
Reynolds number in those experiments was very low—of the order of 100 or 
1,coo—much lower than in the full flight condition, and that it was necessar\ 
to interpret the results vather carefully. Mr. Wimperis recalled that in’ the 
discussion on the paper by Mr. H. B. Irving and Mr. A. V. Stephens on ‘* Safety 
in Spinning ’? he had given the advice ‘* tails up’; and Dr. Lachmann had 
suggested that that advice should be used with discretion. Perhaps it ought to 
be explained that the advice given had really meant ** tail planes up.”’ 

Ixperiments had been carried out at Farnborough by spinning models in a 
small vertical wind tunnel of about 2ft. diameter, in which the air was rising, the 
rate of the air ascent being adjusted so that the model spun at a more or less 
constant level. Recently a large tunnel, r2ft. in diameter, had been constructed 
and it had made its maiden run that very day in the presence of the Chairman 
of the Aeronautica! Committee of the United States. Models of 18in. span, of 
course, would rotate very much more slowly than the smaller ones used in the 
2ft. diameter type. He mentioned this matter not merely because the new tunne} 
had been used for the first time that dav, but because the Reynolds number was 
necessarily very low for models of that size. Nevertheless, in certain full-scale 
experiments which had been carried out, the tail plane of a machine notorious for 
a dangerous flat spin had been raised, and it had been found that the raising 
of the tail plane had removed the danger. .\ model constructed for spinning 
experiments in the tunnel, made with the nermal tail and the raised tail plane, 
had led to the same conclusions as had those carried out on the full-scale machine, 
although the Reynolds number was very much less. This made one hopeful of the 
utility of the smoke experiments which Mr. Farren had made. He expressed 
the hope that Mr. Handles Page would continue his good work with a view to 
arriving at an ideal combination of slot and interceptor; the Research Depart- 
ment of the Air Ministry would help all it could, of course. He felt sure that 
the industry could look for further ingenious mechanisms from Mr. Handley 
before the ** magic period of 16 years elapsed. 

Mr. R. McKinnon Woop (Fellow and Member of Council): He suggested 
that Dr. Lachmann had been a little unkind to the old slot-and-aileron control, 
which he had described as ‘* not practicable *’; a number of competent authorities, 
experienced pilots, who had flown the old ‘ Avro *’ with slot-and-aileron control, 
had regarded it as contributing greatly to safety in flying. When the Aero- 
nautical Research Committee, N.P.L. and R.A.E. had = started work the 
preblem of stability and control at the stall, the first matter which appeared to 
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need tackling was that of improving the control, of obtaining a powerful control 
which would act in an instinctive way, the ailerons giving a rolling moment, 
without an adverse yawing moment. It was realised that the stability problem 
also needed to be attacked. The automatic slot appeared, and gave stability 
with some improvement in control. About two years ago the interceptor had 
been added, and that had given a solution of the whole problem. The slot-and- 
aileron was past history, but he felt he must say that this application of the 
slot really did mark a definite improvement—not a definite stage towards a 
solution, but a definite improvement—that could be applied at once to aircraft. 

Mr. McKinnon Wood was in entire agreement with Dr. Lachmann as to 
how near the tip of the slat should be to the tip of the wing. Dr. Lachmann 
had not produced conclusive evidence, but obviously he was convinced that the 
slat should be run to as near the tip as possible. That meant that the wing 
up should be almost square at the leading edge, and one couid not fit really 
effective slots to an aircraft having a much rounded wing tip. Wind tunnel tests 
had shown that, with a very round tip, the cifect of the slot might be practically 
nil; but when the tip was nearly squared off, one could secure stability. Recently 
there had been flying at Farnborough a slotted aircraft having a fairly square 
tip, and the stability was very good. Other aircraft with rounded tips had been 
fitted with slots, but the tip was not squared up to bring the slat near to the tip; 
these aircraft were disappointing with regard to stability. 

Discussing the interceptor, he said he was not sure that Dr. Lachmann 
had made quite clear the various ways of working it. In one design it was 
tucked away under the slat until the slot chose to open, and out of action till 
then. In another it was capable of operation all the time, except that for smail 
movements of the ailerons it was not affected and so did not in fact function at 
high speeds. The former arrangement, in-which the interceptor could come into 
action only when the slot was open, was a Handley Page arrangement. In 
working out this arrangement, it was important to be certain that the trigger 
which worked the interceptor and was brought into action by the opening of the 
slot was so mounted on the slot gear that when it tried to work the interceptor 
it did not react upon the slat and start to close the slot. It could not close 
the slot very far, because the force required to pull the slat back was very great. 
But the fully forward slat was in a floating position, and it could move back under 
a very small force, far enough to enable the trigger to go completely out of 
action as a means of operating the interceptor, 

The parts of the paper which had appealed to him particularly were those 
dealing with the applications of the vortex theory to the slot and to the problem 
of downwash at the tail. A week previously Mr. Farren was teaching them to 
vortically- 


‘ 


be more ** air-minded,’’ Dr. Lachmann was teaching them to be more 
minded.’’ He felt he ought to have thought of it himself long ago, but he 
believed Dr. Lachmann was here inducing new lines of thought with regard to 
slots. He explained why the slot contributed less to stability than one would 
expect on simple strip theories, and also explained why the slot continued 
operating up to such very big angles of incidence. Similarly, the explanation 
of the reduced downwash at the tail at high angles of incidence was very 
illuminating. 

Mr. H. B. Irvine (Associate Fellow): He was in complete agreement with 
Dr. Lachmann’s endeavours to produce the unspinnable aeroplane, for he was 
quite sure that along those lines lay the ultimate solution of the spinning problem. 
Enlarging upon Mr. MehKinnon Wood’s remarks, in which it was emphasised 
that the slats should extend along a wing right to the tip, Mr. Irving discussed 
the question as to how far the slats should extend inwards. It was stated in the 
paper that ‘‘ the span required for any aecrofoil depends entirely on the behaviour 
of the unslotted section beyond the stall as the more vicious the burbling that 
occurs here and the steeper the drop of the lift curve beyond the stalling point, 
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the more span is required in order to ensure stability."" As the logical outcome 
of that, said Mr. Irving, one would expect the completely slotted wing to give a 
greater range of stability than the wing which was slotted only at the tips. .\ 
little earlier in the paper, however, Dr. Lachmann had given an example 
(R.A. F. 31), in which a wing with tip slots had given a greater range of stability 
than a completely slotted wing. Those cases did not scem to fit in very well, 


and he suggested that there was probably an optimum span which gave the 
largest range of stabilitv. He was not quite clear, however, whether that 


optimum spar was always less than the semi-span. In this connection he re- 
called a particular test, carried out seven years previously, on a R.A.F. 15 aero- 
foil slotted along the whole span (R. & M. g29), in which case there was a 
considerable delay in the auto-rotation angle as compared with the maximum lift 
angle. The slotted wing stalled at 23°, but auto-rotation did not begin until 30 
angle of incidence was reached, and it was actually stable at slow rates of roll up 
to an angle over 4o°; it was not until an angle of 45° was reached that the 
acrofoil vigorously wanted to drop a tip. Dr. Lachmann might be interested 
to know that these tests were made at the National Physical Laboratory with 
an arrangement very similar to his deceleration apparatus, described in Appendix 
I] of the paper. Quite good results were obtained from this, but it was not quite 
so convenient or so accurate as the rolling balance now in use for such tests. 

Mr. Irving also asked if Dr. Lachmann had carried out tests on the effect 
of rear slots on stability in roll. Such tests had not been carried out at the 
National Physical Laboratory, but he had noted with a slotted flap at, say, 20° 
(down) that the overall lift curve tended to show a sharp peak. One could not 
argue from an overall lift’ curve entirely, of course, but he had wondered 
whether it was known if the slotted flap, when set down, did result in any decrease 
of stability in roll. 

Commenting upon Dr. Lachmann’s reference to numerous cases of bad slot 
design, Mr. Irving said he felt quite certain that in quite a number of cases 
stots had been condemned as being of no use, whereas it was not slots in general 
that were to blame, but just a particular design; he emphasised the importance of 
giving the greatest care to the design of the slot before putting it on to a machine. 
In that connection he said he felt there was quite a lot of scope for standardisa- 
tion in slot work. Designers, without any very special reasons, often chose some 
wing section different from anything else that had ever been used, and that meant 
that they had to face a lot of ** teething *’ troubles in fitting slots to such a 


section. If designers were content to use sections on which it was known thai 
slots had been applied successfully, they might save themselves a lot of time and 
expense. With regard to the desire expressed by Mr. Wimperis that we should 
be able to do without slots. Mr. Irving suggested that the time for that had not 
yet come. At the same time, he appreciated that now and again aeroplanes were 
produced which were extremely good without slots, and of which pilots stated that 
they were no better with slots. That matter had not vet been cleared up, and 
therefore he would like to hear the views of pilots with regard to such machines. 
It was rather difficult to believe that slots did not improve the stability. \ model 


of one of the aeroplanes which had been stated to be very stable without slots 
hac been tested, and it was found to be very little different from the Bristol 
Fighter, for instance; there appeared to be nothing special about it, so far as 
the tests showed. Nevertheless, pilots had found the aeroplane to be wonderfully 
staple at the stall and perhaps they could say whether that stability depended on 
uz mice state of balance being maintained and not attempting to do very much in 
the way of rolling, and whether a slotted aeroplane could fe thrown about much 
moie at the stall. 

Finally, Mr. Irving asked if Messrs. Handicy Page had carried out any 
experiments in the direction of doing away with the ailerons altogether, for thes 
had a wonderful combination of slots and interceptor, but with ailerons as well 
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it constituted rather a ‘* bag of tricks.’ One difficulty about doing away with the 
ailerons, he believed, was the fact that the interceptor, whilst very effective at the 
stali, lost its effectiveness below the stall. 

Mr. SveveNS: In commenting on Dr. Lachmann’s suggestion that with the 
coming of the interceptor they could do without the large rudders which were 
asked for a year or so ago, he said he believed the interceptor was not necessarily 
very effective in bringing an aircraft out of a flat spin—although he must admit 
that some of the graphs seemed to show that the aircraft would not auto-rotate 
even at large angles. 

Referring to a picture which had been shown to illustrate an aeroplans 
making a stalled landing, he said that the problem of stalled landings was discussed 
when he was at Farnborough and when slot and aileron control was first used. 
It had seemed then that the only method of making such landings was to pull 
the stick back and glide straight on to the ground, so that an undercarriage 
with very good shock-absorbing properties was required. The method illustrated 
in the picture had consisted apparently of pushing the stick forward. Mr. Stevens 
said he had made a rapid calculation in his head, from which it appeared that the 
machine would descend approximately joo feet whilst that operation was being 
carried out. It seemed very difficult indeed to bring off a landing of that nature. 

Mr. W. S. Farren (Fellow): He expressed agreement with the remarks ot 
Mr. Wimperis concerning the merits of visual methods. He agreed that, acting 
on their general experience, the low Reynolds numbers characteristic of such 
tvpes of experiment were not likely to make them fundamentally misleading. 

He had been impressed by the lecturer’s application of the Prandtl theory 
to predict the changing angle of incidence across the wing, and by the inferences 
he drew as to the action of the slotted tips. He (the speaker) had made many 
observations on a wing in the stalled condition in a wind tunnel—a wing without 
siots—and he had noticed a feature for which the simple theory made no allowance, 
and which Dr. Lachmann had not mentioned, namely, the marked three-dimen- 
sional character of the motion over the tips. The air near the wing tips was 
moving at large transverse angles to the direction of flight, outwards, under- 
neath and inwards above the wing. Wishing to reassure himself on this he had 
repeated the experiment in the wind tunnel at Cambridge since reading Dr. 
Lachmann’s paper, and had found again that the angles in question were so large 
that it was difficult to believe that calculations on the lines of Dr. Lachmann’s 
were sufficient to cover the problem involved in stability and control. 

He had noted that Dr. Lachmann had said nothing about the forces neces- 
sary to move a slat or interceptor, or a combination. One (and perhaps the 
most serious) difficulty in the general application of such device was that the 
pilot had to move them. Starting with an aeroplane which was highly developed 
in its lateral control, fitting slots seemed generaliy to result in what the pilot 
described as ‘‘ spoiling the feel of the aeroplane.’’ He asked if Dr. Lachmann 
considered that the arrangement described in’ his) paper met that point 
satisfactorily. 

Dr. Lachmann had mentioned alternatives and had criticised what he termed 
the ‘* Dutch School ** method to an extent hardly merited. He (Mr. Farren) felt 
considerable sympathy with it. It consisted in having a wing which was 
essentially of a very high maximum lift coeficient, and deliberately not using it. 
Dr. Lachmann had said that such aeroplanes were not provided with suflicient 
elevator to stall in steady flight. This might be correct, in the strict interpre- 
tation of the phrase, though it was doubtful whether it could be fairly said of 
all aeroplanes in this class. In any case stalling, in practice, could hardly be 
regarded as a stendy state and the aeroplanes Dr. Lachmann referred to could 
be stalled for all practical purposes. Dr. Lachmann had said that the policy 
resulted in an effective reduction of the maximum lift) coeficient, and hence 
required an equivalent increase in area. So, in a measure, did the use of the 
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slot, because the slotted wing was capable of producing the equivalent of an in- 
crease of wing area which was sacrificed by its use as a safety device. Indeed 
it might be that all such schemes could be described as dependent on a certain 
sacrifice of maximum lift. It seemed hardly possible to dispose of the method 
quite so summarily as Dr. Lachmann had done. 

Dr. Eng. WiLnetM PLErNes (Flight Department of the D.V.L., Germany) : 
During the last few vears the D.V.L. has carried out various investigations in 
order to study the efficiency of Handley Page slots at angles of attack near 
stalling speed and bevond the stall. In the course of these investigations in 
which they co-operated with Messrs. Handley Page, Ltd., several arrangements 
of automatic tip slots were fitted to the upper wing of an Albatros L 75 acroplane. 
This aeroplane is of the same size as the Bristol Fighter. Figs. 1 and 2 show 


FIG. 1. 
75 Ass biplane with automatic Handley Page tip: slots fitted 
fo the upper wing Special water-tanks so designed that the water can be 
suddenly discharged are attached to the lower wing tips. A camera ts 
fixed to the aeroplane with its optical axis parallel to the longitudinal axis. 


the aeroplane and also the various slot arrangements. In order to obtain a 
fair degree of elevator efficiency and controllability in stalled flight, the normal 
size of the elevator was increased considerably ‘see Fig. 2 on the right). The 
wing section used is a modified M 12 with a steady C.P. 

Professor Hoff has asked the speaker to refer to various results of their 
own experiments and to the methods of testing which they employed. Full-scale 
tests were carried out with slots, open as well as closed, in order to measure 
the range of the greatest attainable angles of attack and maximum lift (polar 
curve in glide with engine throttle closed), and to study the motions about the 
longitudinal axis following disturbances in straight flight when flying near the 
stalling point. 

The characteristics of an aeroplane during rolling are magnitude and sign 
of the damping in roll. An expression for damping in roll is given by magnitude 
and variation of the velocity in roll with time. 

Such rolling motions can be produced by applying a permanently operative 
weight moment about the longitudinal axis. For this purpose two ballast weights 
of the same size are attached to the tips of the lower wing. These ballast weights 
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consist of a certain quantity of water contained in special tanks which are so 
designed that the water can be suddenly discharged (see Fig. 1). 

Thus a rolling moment is produced by releasing suddenly the water ballast 
on one wing tip, which was unti! then necessary to balance and maintain the 
aeroplane on an even keel with all controls held fixed in neutral position. Similar 
experiments were carried out in England by E. T. Jones to measure the subse- 
quent motions of a Bristol Fighter in roll and yaw (described in R. & M. No. 
1270). 

The velocity in roll was determined from the variation with time of the 
angle between aeroplane lateral axis and horizon, and this angie together with 
a stop-watch was recorded on a film. The camera was fixed to the aeroplane 
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The slot nts thre Albatros 
L 75 Ass biplane and the normal and tie ner ased 
slze of the elevator. 


with its optical axis parallel to the longitudinal axis (see Fig. 1). Fig. 3 shows 
the polar curve of the \lbatros aeroplane in glide, and aiso the range of the 
greatest attainable angles of attack together with the corresponding lift for slot, 
both open and closed. This polar curve is the result of full-scale tests with the 
improved second slot arrangement. From this they can draw the following 
conclusions :— 

With slots closed (slat fixed) the aeroplane suddenly drops a wing before 
reaching the angle of maximum lift. There is no doubt but that this behaviour 
is a sign of sudden loss of damping in roll. 

With slots open damping in roll is always positive and sufficient in ordet 
to attain the angle of maximum lift and even angles of attack bevond the stalling 
point. 

In addition they have now tried to determine the character of rolling motion 
by studying the variation of angle of roll with time. He would like to mention 
here that a great deal of theoretical investigation on the behaviour of an aero- 
plane in roll has also been carried out in England by H. M. Garner and S. Bb. 
Gates (described in R. & M. No. 938). 
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We assume now :— 

(1) The initial motion following the release of the water ballast is pure 
rolling. (This assumption is verified by practical experience.) 

(2) At angles of attack near stalling point where the lift curve of the 
wing tips no longer follows the linear law, but can be approximated 
by a parabola, damping in roll depends in the first place on the angle 
of attack corresponding to the initial attitude in straight flight. 
Theoretical investigations show that as long as dc,/da falls off in 
a linear way (see Fig. 4), the loss in damping on the down-going 
wing tip equalises the increase of damping of the up-going wing tip. 
It does not matter whether the angle of maximum lift is exceeded 
on one wing tip, provided the parabolic law is still fulfilled beyond 
stalling point. At stalling point damping becomes zero. 

The character of this simplified motion in roll determined three 


principal cases, shown in Fig” 5. 
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FIG. 3. 
Polar curve (above) and range of angles of attack 
with the corresponding lift (below) of the Albatros 
L 75 Ass in glide for both slots, open and closed 
(second arrangement). 


From their initial investigations, made with the first slot arrangement and 
only in calm weather, an example of various results is shown in Fig. 6. From 
these results representing the variation of angle of roll ~ with time just before 
and subsequent to releasing starboard ballast, the following points can be 
derived :— 

With slots closed the damping in roll is positive only up to an angle of 
attack a about 16° as the variation of the angle of roll ~ against time is linear. 
Beyond this angle of attack a about 16°-164° the damping in roll is lost suddenly 
(for the variation of the angle of roll ~ against time is parabolic, and the varia- 
tion of the velocity in roll ~ due to time is linear). In some cases the damping 
in roll at the same angle of attack is even negative, due to the fact that variation 
of angle of roll, velocity in roll and acceleration in roll with time is exponential. 
_ In this case the Albatros aeroplane always drops a wing suddenly and an 
incipient spin commences. 
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angle of attack a near stalling point. 
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With slots open at even larger angles of attack (a right up to 20°) damping 
in roll is always sufficiently positive as in all cases variation of angle of roll yp 
against time is linear. 

The aeroplane shows no tendency to drop a wing. The same characteristic 
was noted in the course of the investigations carried out with the first slot arrange- 
ment, while determining the polar curve at and beyond the stall. During these 
flights the aeroplane with slots closed dropped a wing suddenly in the same 
manner after the same angle of attack a about 164° had been reached. 
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Up to the present, investigations with the improved second slot arrangement 
have not been completed, but they have found that this slot demonstrates a 
better efficiency within greater angular range bevond the stall. In order to 
demonstrate visibly that at the greatest angles of attack (about 24°) which could 
be reached by means of an improved elevator the aeroplane is definitely stalled, 
wool tufts were attached to the upper surface of the lower unslotted wing. The 
difference in direction and agitation of these tufts photographed just before and 
after the stall, are given in Fig. 7 (left in normal condition, right in stalled flight). 
These flow pictures indicate clearly that at this angle of attack (about 24°) the 
acroplane is fairly well stalled, because all tufts reversed their normal steady 
position (shown in the left of Fig. 6) indicating a highly unsteady flow and 
burbling along the whole upper surface of the lower wing. 

In some cases they found that in stalled condition with slot open after 
releasing the ballast a nearly periodic motion in roll followed. The aeroplane 
overbanks permanently both to the left and right up to angles of roll of 20° to 
30°, although the rolling moment to port was maintained constantly during this 
motion and although all controls were held fixed in the initial neutral position. 
Subsequently a slight pitching motion is coupled with this rolling motion, but the 
banking is more rapid and of greater amplitude than pitching. The variation 
of angle of roll with time during this motion, sometimes described as ‘‘ unstable 


oscillation,’’ is shown in Fig. 8 for several tests. Apparently the rolling motion 
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BiG. 7. 

Flow pictures of the lower wing of the Albatros 

i; 75 Ass acroplane , left in normal flight, middle 

and right in stalled condition. In stalled condition 

all wool tufts reversed their normal condition (left) 
along the span of thie upper surface, 
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Angle of roll due to time offer weight released 
(Albatros L75 mith slots gpen in stalled condition ) 


Fic. 8. 
Angle of roll p due to time after weight released 
or several flights (Albatros L 75 with slots open 
in stalled condition and with the rolling moment 
to left maintaining constantly during this motion 
and all controls held fixed in the initial neutral 
position). 
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is quite steady and persistent without any tendency cither to increase or 10 
produce the dropping of a wing after any time. This behaviour of the aeroplane 
needs further investigation and an exhaustive analysis of the continued move- 


ments of the aeroplane around and in the direction of the three axes. At the 
moment it appears premature to attribute this movement to the stability effects of 
the slot alone. After finishing their full-scale tests they will report their results. 


Mr. Hari (Chief Engineer, Imperial Airways, Ltd.) : His firm had had some 
slotted aeroplanes in use for some time, but since they were large passenger- 
carrying aircraft they are operated under conditions which are not likely to bring 
the slots into such frequent use as is probably the case in smaller and faster craft. 
He would be very glad to hear what Dr. Lachmann had to say about the relative 
advantages of slots on large aircraft as contrasted with smaller ones. 

Flight-Lieutenant Hastam: In commenting on the author’s statement that a 
study of stability and control beyond the stall was not only a problem of safety 
but also one of utility, he said that when in the Royal Air Force he had first 
heard of the Handley Page slot it had been represented perhaps more particularly 
as a means of increasing the speed range in which the machine was controllable 
rather than from any other point of view. It had occurred to him immediately, 
and it was proved subsequently, that this control beyond the stall was extremely 
valuable in Army co-operation work where observation from the air was involved. 
When on reconnaissance, one might get perhaps about five seconds’ continuous 
observation of a new situation. If in the first of the five seconds one discovered x, 
then the last of the five seconds would yield 20x about the thing that one was 
looking at; and if one could possibly prolong one’s observation to a sixth or 
seventh second, from the same angle of view, it might make all the difference 
between having to say merely that one had seen something odd and being: able 


to report full details of an important movement. The ordinary way of keeping 
an object under continuous observation was to circle round it. That was not 


satisfactory, however, because the aspect from which one was looking at it was 
altering continuously, rendering it very difficult to interpret what one had scen. 
\ny means, therefore, by which one could prolong observation from one particular 
attitude was very valuable, and obviously the possibility of controlling an aero- 
plane beyond its stalling point provided such a means. On Army co-operation 
work he had got quite in the habit of flying stalled as a very useful trick of 
the trade, and one obtained enormous help from the automatic slot in doing: so. 

It was while he was engaged on Army co-operation work that he had realised 
for the first time that such a thing as air flow was occurring over the wings of 
his aeroplane. Machines engaged on Army co-operation duties are decorated with 
distinctive flaps or streamers, there being one on the trailing edge of each of 
the lower main planes. On one occasion, when descending from a considerable 
height, and keeping his water-cooled engine warm by losing height in a_ stall 
with the engine running at medium r.p.m., he had noticed that these streamers 
were lying flat on the top surface of the bottom wing and pointing forward. 
That had impressed him as being odd, and indicating an air flow that was fat 
from conventional, About five vears later, in 1928, when he had left the Air Force, 
he had had an opportunity to go into that matter at Cambridge. He had been 
Aving Professor Melvill Jones’s much distorted Bristol fighter, having slots and 
ailerons all over it, and he had further attached to the machine a number of wool 
tufts, and it was very interesting to take note of what happened to these tufts. 


One thing that they had shown, in connection with slots, was the definite line of 


demarcation between the stalled area of the wing and the area of the wing that 
was unstalled, due to the effect of the slot. This line did not run straight back 
from the division between the slot and the main part of the wing, but it sheared 
outwards more and more as the angle of incidence increased. He had wondered 
whether that shear explained why it had appeared to Mr. Handley Page originally 
to be more effective to place the slot a litthe inboard. He (Mr. Haslam) had 
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been able to observe quite easily, by means of the wool tufts, that the very tip 
of the wing never did stall, even on an unslotted machine. These wool tufts 
would provide an casy method of learning about the diferent results obtained 
when applying slots to machines with different shapes of wing tips, and he 
suggested that some very useful information might be obtained in the same way 
on the machines at Farnborough, which had been referred to by Mr. McKinnon 
Wood. 

Another suggested application of wool tufts was for the purpose of, discovering 
the minimum effective gap for slots, and he believed that that was very much 
smaller than was generally supposed, He said that because of what he had found 
on Professor Melvill Jones’s machine at Cambridge, which was fitted with inter- 
connected slot and aileron control. When the stick was in the central position 
it was habitual to regard the slots as non-effective, although they were not closed 
tight. Some wool tufts placed behind them, however, had shown very quickly 
that that was not the case, and that they were quite effective—quite effective, any- 
how, in producing a smooth flow over the top surface of the wing, as opposed 
to a turbulent type of flow. 

Commenting upon the information given by Dr. Pleines, Mr. Haslam 
suggested that if this subject was being investigated further by the D.V.L., by 
means of wool tufts, it might be done more suitably on a low-wing monoplane. 
There was no doubt that the greatest and earliest changes of airflow, produced 
by control movements, occurred on the top plane of a biplane, judging from his 
observations with wool tufts, but i# would be appreciated, of Course, that the taking 
of photographs of the top plane of a biplane was not very amusing. Indeed, he 
imagined that one of the most heroic actions ever performed by Professor Melvill 


‘ 


Jones was to ‘* shoot ’’ the top plane of an ‘‘ Atlas ’’ during the course of a series 
of spins. 

Captain Hover (Chief Technical Officer, Royal Norwegian Naval 
Service): Having been closely concerned with the machine mentioned by Dr. 
Lachmann in the paper, which machine was a single-seater biplane, he could give 
some information as to its characteristics. As a matter of fact, those who had 
been experimenting with it were too far away from any of the wind tunnels or 
any of the big: scientific research organisations to easily enable problems to be 
submitted thereto as they arose, so that they had had to rely more or less upon 
their own judgment. This special machine was flown for three years—from 1925 
to 1928—without anyone noticing that it had such excellent flat spinning qualities 
as had been mentioned by Dr. Lachmann, and as shown by the last graph, even 
with slots and interceptor. The curve was rising from i=55° until 9go° was 
reached. If a machine was likely to get into a flat spin, and the momentum, or 
coefficient of auto-rotation constantly increased, one could not say that it was 
a safe machine. Dr. Lachmann had made it quite clear that it was necessary to 
stop it before getting to 60° of incidence, because after that it was unsafe. It 
was very nice to be able to stop it in the carly stage of auto-rotation, but it all 
depended upon whether one knew, before the dangerous zone was entered upon, 
i.e., upon whether one knew that the machine had got into a spin and that it 
had developed into a flat spin. The difficulties were such that the machine might 
get into an involuntary spin, which might continue without one knowing—for a 
fraction of a second—and develop into a flat spin; then one was lost. Several 
of his staff had been in that position, in 1928 and 1929. They knew exactly what 
would not bring the machine out of a flat spin. Investigations of the character- 
istics of the machine were then made at Géttingen, and the model results had 
coincided in every respect with the results of the full-scale experiences. In view 
of that experience, he had been surprised to hear Mr. Wimperis say that a full- 
size aeroplane might not behave as a model behaved, according to tests carried 
out with small models of different sizes. Then information was given in a paper 
before the Royal Aeronautical Society, which had solved the question. The paper 
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was by Mr. Irving and Mr. Stephens, who had referred to the results obtained by 
raising the tail, their experiments having. been carried out on models which were 
allowed to spin in an airship shed. Therefore, in the machine to which he was 
referring, the tail plane was raised from about the centre line of the hull to sin. 
above the fuselage, the same rudder and the same elevator being maintained. 
The model was then taken to Géttingen again, and it was found that it now would 
not spin against the rudder between angles of incidence of from 30° to 90°. 
Credit was due to the gentlemen who had evolved the idea of raising the tail plane. 
He believed the Albatros Works and other works in Germany had been in the 
same difficulty, and were moving towards the same solution. The plane was 
likely to auto-rotate very nearly as before, with the elevator up or down; but one 
could control the machine in a flat spin with the rudder. When they took advan- 
tage of the information given by Dr. Lachmann in his paper, and of the Handley 
Page slot as a whole, they should be able to produce a plane which was well 
controllable at the stall, and it would not be dangerous in a flat spin. Two flat 
spins had been recorded—one from 3,500 ft. and the other from 25,000 ft.—but 
they had not resulted in serious harm to the pilots; but, of course, one never 
knew where such a machine might come down. 

Mr. Scorr Hantpt (Martlesham Heath) (communicated): When dealing with 
the technique of stalled landings, the author has not drawn attention to the 
difficulties due to the lack of longitudinal stability as well as control which exist 
in nearly all present-day aircraft when stalled. Dr. Lachmann says that ‘ the 
real problem of flying at large angles of incidence is not longitudinal stability 
but longitudinal control.’’ On those aircraft on which the present writer has had 
experience of stalled glides, two of the principal difficulties of the pilots were the 
maintenance of constant rate of descent and the checking of the longitudinal! 
phugoid oscillation tendin 


r generally to set itself up. 


> 


The results of Fig. 


32 giving the abnormally large tail settings required to 
maintain very large angles of incidence on the Hare biplane were borne out in 
some full-scale experiments at Farnborough a vear or so ago on the Ape.* 

The author’s suggestion with regard to the tail plane adjustment, where he 
says that “* increasing the range of the ordinary adjustable tail plane separately 
operated is not an advisable solution unless it can be operated very quickly,’’ is 
heartily endorsed. The excessive length of time needed to reset the tail plane 
of the Ape from the position required for a fully stalled glide to that for normal 
flight with engine on, was responsible for the final loss of this aircraft. 

On the other hand, unless a large and preferably irreversiblg reduction gear 
of some kind is incorporated in the tail plane adjustment, it miav take charge 
when the pilot attempts to trim with engine on. This, indeed, happened on one 
Occasion, 

Dr. A. P. Thurston: After drawing attention to Mr. Irving’s reference to 
the possibility of utilising rider planes to give a combined ‘ slot’? and ‘* inter- 
ceptor ”’ effect and thereby to dispense with rudders and ailerons on aircraft, hi 
said he was very greatly interested in the paper because it showed that Dr. 
Lachmann and Mr. Handiey Page were coming slowly, step by step, to the 
original conception of the invention and the theory of its working 


which official 
records show he (Dr. Thurston) had communicated to the Air Ministry and other 
departments 11 or more vears ago, 


Dr. Thurston drew attention to the statement. that wine tip slots are 

primarily stabilising means—but do not contribute in anv great degree to im- 

proving lateral control.’’ He ventured to suggest, and all the evidence appeared 

to support the conclusion, that, properly applied, rider planes could be used 


most effectively in securing lateral control as well as lateral stabilitv. That was 


his original idea 


* RR. & M. 1273:—‘* Experiments on an Ape Aeroplane fitted with Pilot Planes.’ 
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Dr. Thurston exhibited a lantern slide dated 14th December, 1920 (se 
AERONAUTICAL JOURNAL, 1930, p. 842), illustrating an automatic slot arrangement 
with controlling mechanism so that the slot effect could be immediately upset and 
lateral control obtained. Dr. Thurston pointed out that his devices were called 
rider planes not slots.’’ 

It is clear that Dr. Lachmann now suggests that improved lateral control 
could be developed by the production of a wing incorporating both the advantages 
of the automatic “* slot’? and the ‘ interceptor,’’ which, of course, exactly 


applies to his origina! invention of ** rider plane control.’ 

Dr. Lachmann states that ‘* square-shaped wing tips are most. suitable, 
whereas elliptically rounded tips are worst,’? and he further points out. tha: 
“where the wing tips are very much rounded oft or tapered, slots may be a 
hopeless proposition.”’ 

Dr. Thurston exhibited a second slide (sce accompanying illustration) which) 


by Mr. A. F. Houlberg on 13th July, 1921, for the Ait 


he stated was drawn 


Link 
AT BotrH EnOS AG eERNATIVE Pivot Tuse at A 
Mount Pin SUiDING FiTTiNnG 
AS SHE DOTTED 
| (atiatted ) of f 
Ministry. This figure shows that his rider plane, alula or wing tip slot, was 


used in conjunction with a wing tip which swept outwards from front to back, 
because it was realised that this shape of wine tip was more efficient than eithe: 
a swept back wing tip, a rounded wing tip, or even a square wing tip. He added 
that it was with a model made from that drawing that he first demonstrated in 
August, 1921, that rider planes would open automatically. 

lt is pointed out in the lecture that ** the effect of wing tip slots is to produce 
a very strong downwash at the wing tips.’”’ Dr. Thurston’s communication to 
the \ir Ministry of 8th January, ig21, stated that ‘* by operating the ‘ alula,’ I 
create an artificial bank of increased lift along the outer edges, which auto- 
matically increases the pressure over the whole surface to any desired amount 
up to double the lift.’” This communication further stated that ‘‘ my svstem ol 


alula control consists in placing one surface over the outer leading edges of the 


Q 
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wings.’’ ‘* These surfaces may be projected outwards into accelerated air at the 
leading edges and at the same time they may be rotated. The rotation and 
projection may be so proportioned that correct amounts of ruddering and banking 
are automatically given.” Rotation of the alula without projection is equiva- 
lent to ordinary rudder effect and projection with rotation is equivalent to very 


powerful aileron effect.’ 

A third slide was a photograph of the under side of a bird’s wing, showing 
the alula. He had noticed, he said, that when a bird was stalling or wished to 
vet the maximum grip of the air, it not only extended all the primary feathers to 
the maximum, but it also pulled out the alula, turned it down or gave it a down- 
ward rotation. He had dissected the wings of birds, pulled the muscles, and 
had found that there was a small muscle which, when the wing was extended, 
pulled out the alula and rotated it downwards. 

lurther slides showed a gull and some eagles with the alulas shot out bs 
the birds in flight. 

Nature, he continued, has a wise purpose in all things, and there were two 
facts which he wished particularly to emphasise. First, the alula came out 
and rotated downwards, obtained a grip on the air and pushed it downwards, 
in the manner which had been illustrated beautifully by Mr. Farren a week 
previously, when presenting his paper on Flow.’’ Secondly, in certain 
circumstances the alula shot out with very considerable velocity and to quite a 
considerable distance, at an angle of 45° from the main wing, and it thereby 
gave the air a ** pat on the back.’? He had investigated both these methods. 
Personally, he preferred a pat en the back to a downwards push. Aerofoils 
appeared to have the same preference. 

Kmphasising his remarks by means of av experiment, Dr. Thurston used an 
acrofoil shaped piece of wood to represent the wing of an aeroplane and swung 
it round on a piece of string at stalling angle, so causing it to oscillate 
catastrophically. He then attached to the upper surface a small rotary rider 
plane, but when it was swung round he could net stall it. It held the air on to 
the top of the plane he said, because as the air flowed backwards it gave it a 
‘pat on the back.’’? He emphasised also that the direction of rotation of the 
rider planes was important. If one wished to obtain the maximum effect from a 
rotary rider plane or alula it was very necessary to copy Nature and to allow 
the plane or alula to rotate in the direction designed by Nature in the bird’s wing. 

By another experiment he showed how a rotary rider plane could be fitted 
or nested to the nose of a machine so that when the machine was at stalling angle 
ke a strong grip of the air, and hold the air down on top of the 


KC 


it would lift, ta 
piane, 


REPLY TO DISCUSSION 


Owing to the shortness of time, he replied only to a few of the points raised 
in the discussion, and dealt with the others in writing. 

Commenting on the remarks of Mr. Meinnon Wood, he regretted if his 
tatements on slotted aileron control had apparently been misunderstood. He him- 
self had great admiration for this first application of the slot for control purposes 
and he had actually applied it in 1g2¢ to a mac hine of his own design (Albatros 
1.72). The slot and aileron control, however, had not maintained its position in 
practice because this device neglected stability and emphasised controllability, 
and, therefore, the trend of research work had been to produce something which 
had the excellent qualities of the slot and aileron control in regard to controll- 
ability and at the same time the stabilising effect of the automatic slot. 

With regard to the raising of the tail, he believed that in a biplane the tail 
plane could be placed on the top of the fin without harm, but he would not advise 


the same procedure on a low wing monoplane. 
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The problem of the optimum span of wing tip slots raised by Mr. Irving was 
a very interesting one and he had hoped to have completed some experiments in 
this connection, but he had not been able to do so vet. He agreed that there must 
be some limit which should not be exceeded and this limit was probably between 
25 and 30 per cent. of the total span. 

Dealing with Mr. Stevens’ remarks concerning the effect of interceptors in 
a flat spin, he said that he had been inclined to believe that interceptors would 
help to recover from the flat spin but had changed his view. One could certainly 
stop the spin in its early stages after two or three turns, but it seems that one 
could not stop a prolonged spin by means of interceptors only against elevator 
and rudder; but if one could prevent it, why spin? 

Mr. Iarren had drawn attention to the strong transversal component of the 
flow at the wing tips of a stalled aerofoil. It 1s known that this transversal flow 
exists, even on unstalled acrofoils, and that the transversal component is most 
pronounced near the wing tips due to the winding up of the edges of the shect 


of trailing vortices behind the aerofoil. The Prandtl theory was based on the 
simplified conception of parallel trailing vortices, rectangular to the bound vortices 
which represent the wing. As this approximation has been found fully justified 


in building up the theory of homogencous acrofoils and as in the two cases where 
he had applied the Prandtl theory to the problem of a partly stalled wing, the 
wing tips were actually unstalled, he could not see why the theory should not be 


applicable then. He admitted, however, that as the magnitude of the induced 
velocities was considerable, the results were probably less accurate than in such 
eases Where the induced velocity was relatively small. As there was no othe1 
theory available at the moment, one could not help using the Prandtl theory 
when dealing with the problems mentioned. (Experiments are being prepared 


to investigate to what extent the calculated lift distribution for aerofoils with wing 
1p slots agrees with the actual conditions. ) 

Kinally, commenting on Dr. Thurston's illustrations of birds’ wings, Dr. 
Thurston had apparently only seen a tiny alula, whereas the feature which had 
impressed him (Dr. Lachmann) particularly, was the big slotted wing tip. 

(Communicated).—I am especially grateful to Dr. Pleines for his amplifica- 
tion of my Own paper and | consider his definition of the three principal cases of the 
character of a simplified motion in roll is particularly interesting and noteworthy. 


Mr. H. B. Irving.—tThe effect of rear slots on stability has not yet been 
investigated. 1 wholeheartedly agree with what Mr. Irving has said on bad 
slot design. A good many slotted machines now in use are cither underslotted 


or the slot linkage is badly designed, resulting in too early opening and dithering 
of the slots. Very often a cure of the trouble could easily be effected by a small 
alteration, but it is remarkable how most firms are obstinate in their refusal to 
alter their slot design. Only recently we were able to make certain corrections 
on the slot linkage of a very well-known type of machine where the slots had 
been known to be very inefficient. .\ few small alterations resulted ina remarkable 
improvement, 

A pamphlet of correct slot design is now being prepared by the Slot Panel, 
which will contribute to the standardisation of slot design. It has also been sug- 
gested that each new type fitted with slots should undergo a definite stability 
trial, for example, turning through 360° while fully stalled with engine off, 
with approximately half rudder on. Whilst turning, the machine should not 
enter into a spin or show any tendency to viciously drop a wing. Tests of this 
kind would definitely reveal whether the slots were doing their job properly or not. 
The same stability criterion should also be applied to aircraft which are reported 
to be stable in stall without slots. The rate of descent should be measured 
simultaneously to ascertain whether the aircraft is actually stalled. This is often 
not the case due to ineflicieney of the elevator or insufficient tail setting. 
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About a vear ago a report was published by the N.A.C.A. on“ The Behaviour 
of Conventional Acroplanes in Situations Thought to Lead to Most Crashes,” by 
Picd E. Weick, No. 363. Ten American aeroplanes of different design were sub- 
jected to a similar test as described above, and it was found that with the excep- 
tion of only one aeroplane the stability in straight stall was satisfactory although 
the relatively low rate of descent of some of these aeroplanes would indicate 
that the aircraft was actually not stalled. When a turn was attempted in this 
condition, six of the ten went into a spin and these six aeroplanes were those 
with high rate of descent; in other words, where the clevator was effective enough 
to produce the stalled condition. The behaviour of one aeroplane indicated that 
it is possible to limit the rudder and clevator control to such an extent that thes 
are just sufficiently powerful for ordinary flying and landing, but not able to 
produce a spin with engine off. If this rare harmony between the various 


controls actually occurs, It seems to be more of a fluke than the outcome of 


special design policy. 

Vir. MeNinnon Wood.—The reason why the slot should run as near to the 
tips as possible in order to produce damping in roll, follows conclusively from 
igs. 3, 4, and 43. Fig. 43 indicates that the lift curve for a slotted aerotoil 
element crosses the curve of an unslotted clement at the effective angle of about 
8.5°. The geometric angle of incidence for the calculated lift and induced velocity 
distribution being 19°, it would follow that slots can be omitted at such parts ol 
the wing tips where the angle of induced velocity w/ 1 >>10.5°. This, according to 
Fig. 4, is only the case for a distance of approximately .o6s. measured from 


the outer edge of the wing. .\) device which locks the interceptor operating 
mechanism in the slot open position, the necessity of which is underlined by Mr. 
McKinnon Wood, is indicated in Figs. 12, 13 and 14. It is indeed a very 


essential point when the hinged plate type interceptor is employed. 
Vr. W. S. Farren.—Coetiicients of the normal force acting on the inter- 
ceptor blade by means of which the load can be calculated, are given in the Table 


on page 294. The actual control moments felt on the stick when moving the 
interceptor blade are found by multiplying the interceptor moment by the gear 
ratio between interceptor and stick movement. As pointed out in the paper a 


small spring balance can be applied to reduce the control forces. The slot. itself 
is entirely automatic in action and only acts as a relay which puts the interceptor 
operating mechanism in and out of action. Otherwise there is no direct inter- 
connection between the slot and organs of lateral control. IT cannot quite under- 
stand why the fact that the pilot has to move it should be a serious difficulty in 
the general adoption of the interceptor device. After all, any control device has 
to be moved and the interceptor simply takes the place of the aileron in stalled 
flight. It is also difheult to understand why fitting slots to an aeroplane should 
result in spoiling the “ feel,’? as Mr, Farren puts it. Automatic slots are entirely 
independent of the controls and they are closed, or at least should be so designed 
that they keep shut, until the stall is approached. How, therefore, can they 
possibly interfere with the feel of the ordinary lateral control? It would appear 
that Mr. Farren is warming up an old argument which was justified in the case 
of interconnected slot and aileron control. The new type of automatic slot and 
interceptor control is free from these disadvantages provided they are properly 
designed and fitted, and come only into action when desired, namelv, at and 
beyond the stall. Operating an interceptor in stalled flight actually produces a 
very agreeable feeling of positive and sharp control far more pleasant than the 


sogeyv and indifferent feel of ordinary ailerons. 

Mr. Farren apparently considers my criticism of the Dutch School of! 
Thought ’? as too summary. It was really less my intention to criticise this 
method, the soundness of which T openly admit, than to point out its natural 
limitations. Mr. Farren’s remarks do not alter my statements and it appears 


to be somewhat contradictory to say in one sentence that the principle of the 
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** Dutch School’? is to fit a wing of high maximum lift and deliberately not use 
it and to state later that ‘* these aeroplanes could be stalled for all practical 
purposes.’? One cannot reduce elevator efficiency to an angle considerably below 
the stalling point and still continue to be able to stall. 

Whether one considers slots as devices which prevent burbling or as lift 
increasing gadgets, is immaterial. Actually the prevention of burbling is in my 
opinion the primary object from which the other application (lift increase) results. 
\When slots are applied to the wing tip only, they do not increase the lift to a 
noteworthy extent, but at a negligibly small increase of weight they nearly treble 
the stable range of an ordinary wing without decreasing its maximum lift, whereas 
in the case of a high lift wing combined with reduced clevator efhciency, the 
angular range of the wing and its available maximum lift are reduced. 

Mr. Scott Hall.—I believe that the causes of instability at large angle ot} 
incidence are probably identical with those for lack of control, namely, insutticient 
range of the tail plane due to decrease of downwash and screening of the tail 
unit by the wings. I believe that if longitudinal control is efficient, stability will 
follow suit. 

Mr. Hall.—I agree with Mr. Hall that on very large commercial aircraft 
stalling due to error of judgment on the part of the pilot is very much more remote 
than on small aircraft, due to the usually smaller elevator ethciency, greate 
damping and inertia, and last, but not least, because of the high standard of 
skill and experience of those who pilot large commercial aircraft. Large aircratt, 
on the other hand, are subject to the same atmospheric disturbances as their 
smaller brothers and sisters, and I am informed that horizontal wind gusts of the 
order of 4o to 60 and even 80 m.p.h., are not infrequent in the Near East. It 
is obvious that a more or less sudden increase in the wind velocity of the order 
of magnitude of the stalling speed of the aircraft would put the aeroplane very 
easily into the stalled condition without the pilot’s intention or action. Like all 
safety devices the slots suffer from the disadvantage that their value will never 
be revealed very convincingly by statistics or pilots’ reports because only accidents 
Which have occurred are recorded and never those which have been prevented. 

Captain Hover.—The machine referred to by Captain Héver is an excellent 
example of a type where spinning should be definitely prevented. This aireratt 
should be fitted with sufficiently large automatic wing tip slots and perhaps the 
size of the rudder might be reduced a little, if necessary, to make it impossible 
for the pilot to throw the machine into a spin under any circumstances. — Inter- 
ceptors should be fitted not in order to stop a flat spin or ordinary spin’ before 
it develops into a flat spin, but to give lateral control at the stall without the aid 
of a very large rudder. 

Flight Lieutenant Lieutenant Haslam’s observations that 
the very tip of the wing of an unslotted machine is always unstalled even at large 
angles of incidence would confirm the calculations of lift distribution and induced 
velocity for an unslotted rectangular aerofoil at a large angle of incidence. — It 
also agrees with my own observations made some ten vears ago at GOttingen when 
photographing the airflow over the tips of a rectangular acrofoil which was made 
visible by smoke. [| found then that the flow at the outer end of the tips, 
even at angles of incidence of about 20 to 24°, was perfectly smooth and stable, 
whilst the centre portion of the aerofoil was violently burbling. TI assume that 
the aeroplane to which Flight Lieutenant Haslam referred had more or less square 
wing’ tips. 

Dro ALP. Thurston.—I regret that Dr. Thurston did not) succeed con- 
vincing the Air Ministry of the efficiency of his invention; however, I cannot agree 
with his statement that the automatic slot and interceptor device is a gradual 
approach to the invention which he illustrates. This figure, together with 
the description which Dr. Thurston gives, would indicate that the principle 
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of the device was a controlled slot which was apparently interconnected with 
the aileron. It is not quite clear from the sketch by what means this slot could 
be controlled and at the same time be automatic in action. 


In regard to the “ alula,’’ I believe that this little feather is only an appendage, 
an atavistic remainder of a thumb claw, as based upon my experience with wing 
tip slots, I cannot understand how this feather arranged so far inboard and so 
small in dimension, should produce any noticeable stabilising effect. 
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Aircraft Design 
A New Tail-less Aeroplane. (Airc. Eng., Vol. 3, No. 33, Nov., 1931, p. 274.) 
(Germany 5.1/ 23001.) 
Some details are given of the tail-less type of aeroplane designed by Lippisch 
on the basis of glider experience. 


Coefficients of Aeroplane Performance. (A. Koyemann, Z.F.M., Vol. 22, No. 10, 
28/5/31, pp. 300-301.) (Germany 5.1/ 23002.) 

live quantities are specified on which comparison of performance should 
be based, as follows :- 

(1) Airscrew efficiency. 

(2) Maximum lift/Minimum drag. 

(3) Ratio of so-called ** detrimental drag’? to number of passengers. 

(4) Ratio of glider weight to total weight. 

(5) Ratio of power plant weight to power. 

Approximate formule are given showing the effect of these quantities on 
various aspects of the performance. 


Amplitude of Vibrations on an Aeroplane in Flight. (Aviation, Vol. 30, No. 10, 
Oct., 1931, pp. 591-592.) (U.S.A. 5.17/ 23003.) 
A summary is given of a paper (S. J. Zand) read before the S.A.E. on 


measurement of amplitude of vibrations on an aeroplane in flight. Five records 
are reproduced; in the worst case the amplitudes appear to be about ten times 
those of the best case. An interesting diagram is given showing the amplitude 


of vibration against engine r.p.m. for four aeroplanes. In one case, synchronous 
speed is evidently reached and the record rises abruptly off the chart and 
descends still more abruptly beyond the critical speed 


340 ABSTRACTS FROM SCIENTIFIC AND TECHNICAL PRESS 


Load Factors, Rationalisation for Aeroplanes in Flight. (J. S. Newell, S.A.E. Jrnl., 
Vol. 30, No. 1, Jan., 1932, pp. 31-34.) (U.S.A. 5.18/ 23004.) 


Four attitudes are specially considered, inverted flight, terminal nose dive, 
pulling back at high speed and small angle of attack (c.p. back), and pulling back 
at low speed and high angle of attack (c.p. forward). 

Curves are plotted showing the variation of load factor with decreasing 
velocity after pulling back, and show a load factor of 10 on pulling back at 
200 m.p.h. In terminal nose dive a load factor of nearly 25 is shown. 

Variation of load on spars with angle of incidence and = distribution ot 
pressure over tail surfaces in a dive are shown graphically. 


Numerous data are tabulated. A general discussion follows. 


Aerofoils—Aerodynamic Characteristics. (R. T. Anderson, N.A.C.A. Tech. Note 
No. 397, Nov., 1931.) (U.S.A. 5.2/23005.) 

A group of six aerofoils in common use in America was tested from — 32° 

to + 32° incidence to afford data for calculation of stresses in inverted flight. 


of the lift, drag and moment curves increases with camber. 


Aerodynamic Characteristics of Slotted Wings. (C. J. Wenzinger and J. A. Shortal, 
N.A.C.A. Rept. No. 400, Nov., 1931.) (U.S.A. 5.2/23006.) 

Photographs show the wing and the mounting of the auxiliary acrofoil, and 
a diagram shows the setting up in the vertical tunnel. Twenty combinations 
of slot width and position were selected and the characteristics are given in 
twenty diagrams each containing six curves of lift and drag. The maximum 
increase of stalling angle was 30° with a slight decrease of lift. In one particular 
in incidence and 23° in lift was obtained. From 
the diagrams the best combination can be selected for given requirements. 


Slot position an increase ot 25 


Wing Loads imposed by Gusts. (H. G. Kiissner, Z.F.M., Vol. 22, No. 19, 14/10/31, 
pp. 579-586, and No. 20, 28/10/31, pp. 605-615, 225th D.V.L. Rept.) 
(Germany 5.25 23007.) 

The nature and magnitude of gusts met with in the atmosphere are discussed. 

\n example of an anemograph is reproduced and a sectional representation of 

the velocity field in a gust is given in twelve contour diagrams representing 

‘onditions at intervals of one second. .\ record of bending in 2 wing made during 

a six-hours’ cross-country flight is reproduced and the points show heavy 

ght. The latter decreases slowly 

with consumption of fuel and reduction of flying weight. Eleven more detailed 
records show the change in deflection from second to second over periods of 


scattering about the mean deflection in steady Mi 


from two to thirty seconds. Periods of quite roughly six seconds from peak to 
peak of the bending diagram indicate a period of six seconds in the gusts. The 
variation in the deflection reaches +25 per cent. as a rough figure. Two photo- 
graphs are given of the recording apparatus used, and five record strips are 


reproduced. 


Comparison of Weights of Trilateral and Quadrilateral Girders. (E. Seydel, Z.F.M., 
Vol. 22, No. 12, 29/6 31, pp. 362-366.) (Germany 5.25 / 23008.) 


expressions are formed for the weights of struts and spars under bending and 
torsion and a formal minimum is obtained. The comparative results are plotted 
graphically and it is found that in certain ranges of the diagram the triangular 
form may be the lighter, and in other ranges heavier. A comparison is also 
shown between frames of rectangular and rhomboidal section. 


The results are given in tables and curves. As might be expected the asymmetry 
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Systematic Comparison of Weights of Three-dimensional Frame-works. (J. Cassens, 
Z.F.M., Vol. 22, No. 12, 29/6/31, pp. 357-362.) (Germany 5.25 / 23009.) 
Systematic formule are worked out for each member of trilateral and 
quadrilateral prismatic frame girders. Numerical values are worked out for six 
cases. 


Three-dimensional Buckling of Typical Strut Dispositions in Aircraft. (A. Tiech- 
mann, Z.F.M., Vol. 22, No. 17, 14/9/31, pp. 525-526.) (Germany 5.25/ 
23010.) 

Sketches are given of a number of typical dispositions of struts and joints. 
The condition for buckling at any point is reduced to the vanishing of the 
determinant. The constituents of the determinant are tabulated for seven types 
of framework, which are shown in diagrammatic sketches, and are derived 
from the systems of symmetrical linear equations which represent the conditions 
for equilibrium of the framework. 


Exact Calculation of Wing Ribs built on several Parallel Spars, partly Cantilever 
and wholly Cantilever, with an Indirect Loading. (E. Sanger, Z.F.M., Vol. 
22, No. 20, 28/10/31, pp. 597-603.) (Germany 5.25 / 23011.) 

A wing with seven parallel spars and seven ribs in the half span is shown 
in perspective and diagrammatically, with distribution of loads. Equations are 
formed for stresses in the ribs. Four numerical cases are worked out and 
tabulated. Influence lines are shown graphically, with numerical values, for three 
types of wing. 


Development of Military Aircraft Design. (H. Ritter, Aviation, Vol. 30, No. 11, 
Nov., 1931, pp. 626-629.) (U.S.A. 5.51 /23012.) 
The technical qualities desirable in bombing aireraft are specially considered. 
The importance of silence in large bombers is emphasised. ‘The only actual pro- 
posal put forward is the gearing down of the airscrew. 


Seaplane and Ship. (W.v.Gronau, Z.F.M., Vol. 22, No. 17, 14/9/31, pp. 519-524.) 
(Germany 5.51 / 23013.) 
A discursive article on the role of the seaplane and marine transport, with a 
descriptive account of the qualities desired and the conditions to be met. 


Amphibians, Construction. (G. H. Handasyde, Aire. Eng., Vol. 3, No. 33, pp. 
275-278.) (Great Britain 5.52, 23014.) 
A description is given of the methods of construction of hulls and seaplanes 
applied by the Saunders Roe Company. Thirteen photographs are given. 


Undercarriages and Brakes 

Dynamical Investigation of Aeroplane Landing Carriage Springs and Dampers. 
(P. Langer and W. Thomé, Z.V.D.I., Vol. 75, No. 45, 7/11/31, pp. 1388- 
1389.) (Germany 5.55 / 23015.) 

A rotating wheel carrying a track enables rolling tests to be carried out 
at a fixed position. Different types of spring and damping were fitted. Systematic 
measurements were made of strain displacements of the gear under varying falls 
and shocks, and under shocks repeated periodically. 

The numerical results are recorded graphically showing strain displacements 
as a function of height of fall, and in the case of repeated shocks as functions 
of time, 


| 
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Hydraulic Brakes. (R. W. Brown, Airc. Eng., Vol. 3, No. 34, Dec., 1931, pp. 301- 
304.) (Great Britain 5.58 / 23016.) 


Descriptive accounts are given with illustrative sketches of several types of 
hydraulic brake on the market. Elementary calculations of pressure, torque and 
reduction of landing run are carried out. 


Airscrews 


Experimental Runs with a High-speed Railway Carriage driven by Airscrew- 
(F. Seewald and W. Feucht, Z.F.M., Vol. 22, No. 22, 28/11/31, pp. 667-671.) 
(Germany 5.61 / 23017.) 

Constructive details, sketches of plan and elevation and five photographs of 
the carriage, with and without the external fairing, and its appearance on the 
experimental 8 km. track are given. 

Two airscrews are mounted, one a propeller screw and one a tractor with 
cquipment for measurement of thrust and torque. The power required is of the 
same order as for an aeroplane, say 500 to 1000 h.p. (.\ wind channel of 7in. 
diameter and a wind speed of 200 km. per hour would require 4000 h.p.). 

Two 250 h.p. B.M.W. IV. engines were used, one on each screw. The 
acceleration speed curves for the 8 km. are shown with the forward screw onl, 
in Operation and with both screws. The speeds reached were 117 km. per hour 
at about 4} km., and 175 km. per hour at about 54 km. The duration of travel 
at full speed in the latter case is 1} km. in 30 seconds, allowing a kilometre for 


braking and coming to rest. About twenty test runs were made in October, 1920, 
more than ten years after construction of the carriage. The tests so far are 


regarded as preliminary to further and more accurate work. No detailed results 
are given. 

A projected alternative arrangement is shown in sixetches of side elevation 
and plan, with the tractor screw mounted on a long horizontal column well in 
advance of the rest of the carriage and comparatively free from interference. 


Experimental Investigations of Airscrews with Adjustable Pitch. (H. Reissner and 
M. Schiller, Z.F.M., Vol. 22, No. 18, 28/9/31, pp. 551-557, 256th D.V.L. 
Report.) (Germany 5.64 / 23018.) 


The pitch is adjusted by turning the blade as a whole about a radial axis. 
Non-dimensional characteristics are defined for thrust, torque, and efficiency. A 
new set of three derived non-dimensional characteristics is obtained by elementary 
transformations. Using these new coefficients functional relations are shown 
graphically between flying velocity, thrust and moment at different blade settings. 
The results are plotted graphically. 

In a worked out example the required thrust characteristic is assumed and 
plotted on the same scale as the thrust coefficient of the airscrew for different 
blade settings, and the whole problem is worked out numerically for specified 
data. 


Racing Airscrews. (D. L. H. Williams, Flight, Vol. 23, No. 44, 30/10/31, pp. 
1086a-1086e.) (Great Britain 5.654 / 23019.) 

A descriptive technical account is given of the various problems arising in 
the design of racing airscrews. A photograph shows a forged aluminium blank 
and the finished airscrew. Curves are given of efficiency against diameter, and 
r.p.m., thrust, and spiral angle of slip stream against flying speed. 


| 
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Vibration Phenomena in an Airscrew. (F. Seewald, Z.F.M., Vol. 22, No. 12, 
29/6/31, pp. 369-374. Part II. of 219th D.V.L. Rept.) (Germany 
5.66 / 23020.) 

In continuation of the descriptive account of D.V.L. activities Part II 
enumerates possible sources of vibration and resonance in airscrews, and each is 
discussed briefly. 

For Part I, describing work on seaplane floats, see Abstract No. 20/22018. 


A Spring Airscrew Hub. (Airc. Eng., Vol. 3, No. 33, Nov., 1931, pp. 279-280.) 
(Great Britain 5.65 / 23021.) 
A brief description is given of an airscrew hub with torsional damping 
designed by Major B. C. Carter. The article is illustrated by photographs of 
parts and of the assembled hub, and by two scale drawings. 


Instruments 


Aircraft Instruments, Damping Liquids. (M. R. Houseman and G. H. Keulegan, 
N.A.C.A. Rept. No. 398, Nov., 1931.) (U.S.A. 6.104 / 23022.) 

From author’s summary.—Data are given on the kinematic viscosity, in the 
temperature range—50° to+30°C., of pure liquids and of solutions of animal 
oils, vegetable oils, mineral oils, glycerine, and ethylene glycol in’ various 
low freezing point solvents. 


Cathode Ray Oscillograph. (J. B. Johnson, J. Franklin Inst., Vol. 212, No. 6, 
Dec., 1931, pp. 687-718.) (U.S.A. 6.104 / 23023.) 

The elementary theory of the deflection of a stream of electrons from a 
cathode by electrical and magnetic fields is given. Diagrammatic sketches and 
sectional drawings are given showing the development of the cathode ray tube, 
particularly in their application to oscillograph work. The deflection of the ray is 
measured by the travel of the point of incidence on a fluorescent screen. Photo- 
graphs reproduce records of the discharge of a condenser, the oscillations due to 
the closing of an electrical circuit, electrical wave shapes at 84 million cycles to 
the second, hysteresis of iron, distortion of amplifier tubes, etc., ete. Continued 
development and refinements have made the apparatus an instrument of reasonable 
size and cost for high frequency measurements of every sort. For application 
to the cathode ray compass see Abstract No. 21/ 22536. 


Linear Time Axis for a Cathode Ray Oscillograph. (A. L. Samuel, Bell. Tele., No. 
B.605, 1931.) (U.S.A. 6.48 / 23024.) 

Author’s abstract.—The usefulness of a cathode ray oscillograph tube of 
the type of the Western Electric No. 224B, is enhanced by any circuit that will 
provide a linear time axis. A number of methods of accomplishing this result 
have been described from time to time. One method used in the Bell Telephone 
Laboratories employs a_hot-cathode three-element gas-filled tube in the usual 
‘“sweep ’’ circuit. This method possesses advantages in reproducibility, ease 
of control and synchronisation. A brief description of the tube is given together 
with a simple analysis of the behavour of the circuit. Methods of coupling the 
sweep circuit to the oscillograph tube, of svnchronising the sweep frequency and of 
improving the linearity are discussed. A complete portable laboratory oscillo- 
graph outfit is shown as an illustration of one form that the device may assume. 
This set is for use within the audible frequency range. 

A Rapid Record Oscillograph. (A. M. Curtis and I. E. Cole, Bell. Tele., No. B.609, 
1931.) (U.S.A. 6.48 / 23025.) 


A rapid record oscillograph has been developed and has been in use for a 
year in the study of telephone vibration. The film is capable of development 
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within a minute of exposure, a matter of importance in such applications as sound 
ranging of enemy artillery. 


Problems of Air Navigation. (R. v. Mises, Z.A.M.M., Vol. 11, No. 5, Oct., 1931, 
pp. 373-381.) (Germany 6.51 / 23026.) 
The problem of laying a course by taking into account the velocity of the 
wind, which is variable, is dealt with, chiefly by graphical methods. 


The Braun Altimeter. (Luftwacht, No. 10, Oct., 1931, p. 466.) (Germany 
6.6 / 23027.) 

It is proposed to determine height by variation in gravity indicated by changes 
in the cone angle of a high speed conical pendulum. 

(The minute change of gravity, of the order of 1/2000 per mile of altitude, 
in comparison with aeroplane accelerations of a much higher order even on the 
calmest day and under the smoothest control, seem to render the proposal 
impracticable). 


Stability and Control 


Effect of Load Distribution along Span on Rolling Stability. (M. Knight and R. W. 
Noyes, N.A.C.A. Rept., No. 393, Nov., 1931.) (U.S.A. 7.2/23028.) 

The distribution of lift along the span was altered by (1) change of profile, 
(2) twist (increasing and decreasing incidence along span), (3) sweep-back. 

The variations of lift by these three methods and the resulting effect on the 
rolling moment are recorded graphically and in tables. Generally speaking, taking 
the performance over the whole flying range, extreme departures from the normal 
wing are disadvantageous. 


Effect of Lift Distribution on Longitudinal Stability. (C. Topfer, Z.F.M., Vol. 22, 
No. 12, 29/6/31, pp. 366-368.) (Germany 7.2 /23029.) 

It might be expected that the airscrew blast would increase the effectiveness 
of the elevator by increasing the reaction. Full scale tests, however, show the 
contrary effect. The explanation given by the author is that the downwind angle 
may be twice as great in the slip stream as in a glide without engine at the same 
incidence. The change in the distribution of lift along the wing is shown in a 
diagrammatic sketch, and the resulting effect in producing longitudinal stability is 
shown graphically. 


Rudder Bias Gear. (Flight, Vol. 23, No. 49, 4/12/31, p. 1188, and Airc. Eng., 
Vol. 3, No. 34, Dec., 1931, pp. 313-314.) (Great Britain 7.25 / 23030.) 

In case of one engine of a multi-engined machine cutting out, heavy con- 
tinuous rudder would be required from the pilot to maintain directional equilibrium. 
\ description is given with diagrammatic sketches and diagrams of characteristics 
of a gear designed to relieve the pilot of the continuous effort by giving the 
rudder a permanent bias. 


Calculation of Landing Speed. (R. Pouit, L’Aeron., No. 150, Nov., 1931, pp. 385- 
386.) (France 7.3 /23031.) 

Assuming the aerodynamic characteristics of the aeroplane, elementary 
differential equations of steady motion are formed and solved for different values 
of the vertical component of velocity at the instant of landing. The maximum 
permissible vertical velocity is determined by the capacity of the shock absorbers 
of the landing carriage, and when the latter has been specified the landing speed 
can be selected from a family of curves. 
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Engines 
Flame Progress in Engine Cylinder. (C. F. Marvin and R. D. Best, N.A.C.A. 
Rept. No. 399, 1931.) (U.S.A. 8.13/23032.) 

lame travel was measured stroboscopically on a small low compression 
ratio engine fitted with a flat head of low turbulence. The average flame speed 
observed was 67 feet/sec. From the effect of change of engine speed it was 
inferred that turbulence affects flame travel mainly by local action in the neighbour- 
hood of the flame front. 


The Effect of the Rate of Mixing of Air and Fuel Gas on the Combustion in Flues 
and Furnaces. (J. W. Cuthbertson, Chem. & Ind., Vol. 50, No. 51, 
18/12/31, p. 4517.) (Great Britain 8.13 / 23033.) 

Flow investigations were carried out with NH,Cr smoke. The combustion is 
affected by air turbulence and friction, 


Sensitive Flames. (G. B. Brown, Phil. Mag., Vol. 13, No. 82, Jan., 1932, pp. 161- 
195.) (Great Britain 8.13 / 23034.) 

comprehensive survey given of work on sensitive flames. 
experiments are carried out and include experiments on jets, the instability of 
which involves a suitable Reynolds number. In this connection the principle of 
dynamic similarity is formed experimentally. Photographs are reproduced, some 
of which illustrate types of instability in jets. 


Further 


Coal-dust Explosions. (Z.V.D.1., Vol. 75, No. 28, 11/7/31, p. 903.) (Germany 
8.13 / 23035.) 
The danger of spontaneous coal-dust explosions is increased by a pre-heating 
of roughly 50°C. In the manufacture of powdered fuel precautions should be 
taken against electrostatic charging. 


Injection and Combustion in Heavy-Oil Engines. (Autom. Ind., No. 15, Oct., 1931, 
p. 550.) (U.S.A. 8.13 / 23036.) 

According to recent German research, the auto-ignition point is not changed 
when passing from liquid to vapour. Earlier views that there is a rise in 
ignition temperature are traced to the presence of cracked products in the vapour. 
ree vapour injection in an oil engine should reduce ignition lag and experimental 


confirmation is desirable. 


Flame Temperatures. (W.T. David, W. Davies and J. Jordan, Phil. Mag., No. 80, 
Nov., 1931, pp. 1043-1057.) (Great Britain 8.13 /23037.) 

Mixtures of H, with CO were exploded in a spherical bomb by an electric 
spark and the temperature was measured by a platinum rhodium thermocouple 
of .ooos5in. diameter, both spark and thermocouple being centrally placed. The 
temperatures and pressures were recorded optically in the period before any marked 
rise of pressure. The temperatures were calculated from specific heat and com- 
bustion data. With CO the measured temperatures were 200°C. below the 
calculated figure over the whole range of mixture strengths. With hydrogen 
for weak mixtures the measured temperatures are higher and for rich mixtures 
lower than the calculated values. 

The authors explain this discrepancy by assuming that the fresh products 
of combustion are in an abnormal and unstable state during the early period of 
ignition and are capable of exchanging energy with the wire, which indicates 
a different temperature than that of the gas as defined by the molecular energy. 
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Engine Combustion, Spectroscopic Studies. (L. Withrow. and G. M. Rassweiler, 
Fuel, Vol. 10, No. 11, Nov., 1931, pp. 472-480.) (Great Britain 8.13 / 23038.) 
In a preliminary spectrographiec study of combustion in a petrol engine special 
attention was paid to the after-glow spectrum, which may indicate either actual 
combustion or merely an excited state of freshly oxidised molecules. 
Fourteen recent references are given. 


Ignition of Carbonic-Oxide-Air Detonating Gas. (G. 1. Finch and H. H. Thompson, 
Proc. Roy. Soc., No. A.823, Nov., 1931, pp. 343-351.) (Germany 8.13/ 
23039.) 

According to the thermal theory the ignition of an explosive gaseous mixture 
by an electric discharge depends primarily on the heating of a sufficient volume 
of gas to a sufficient temperature. 

Many well-established facts appear to contradict this conclusion. The photo- 
ignition of hydrogen-chlorine mixtures and the ignition of certain gas mixtures 
by adiabatic compression point to the influence of factors apart from an increase 
in translatory molecular energy. 

The authors conclude from their experiments on the ignition of CO/air 
mixtures by a high frequency electric discharge that a reduction in frequency 
increases the proportion of energy usefully expended in the production of suitably 
activated molecules, of which a sufficient concentration determines ignition. 


New Method of Measuring Temperatures of a Flowing Gas. Application to Specific 
Heat Determination at High Temperature. (M. Chopin, Ann. d. Phys., 
Sept., 1931, p. 101.) (France 8.14/ 23040.) 

The gas is passed successively through two sharp-edged orifices and the 
respective pressure drops noted. Subject to some small corrections, the ratio 
of the absolute gas temperature is proportional to the ratio of the pressure drops. 
By placing the first orifice at a point where the gas temperature can be accurately 
measured an absolute determination of the second temperature follows. 

Values were found for the specific heats of N, and CO, at constant pressure 
and temperature up to 1000°C. The values are in substantial agreement with 


Nernst and Wohl. 


Torsional Vibration—Damping Devices. (E. Sander and J. Barraja-Frauenfelder, 
S.A.E. Jrnl., Vol. 29, No. 6, pp. 458-469.) (U.S.A. 8.36 / 23041.) 

The elementary principles of torsional vibration are stated and the usual 
methods of damping are classified. Descriptive details are given of a hydraulic 
throttling damper applied to a 1o-cylinder marine Diesel. Sectional elevation 
and plan are given for a hydraulic coupling for a six-cylinder Diesel, and two 
photographs show the internal arrangement. Torque diagrams are reproduced 
with and without damping and show a reduction of torsional oscillations, from 
approximately double the torque variation, to negligible proportions. Resonance 
curves are reproduced showing a high peak without the damper, and a com- 
paratively small rise with the damper. 

In a discussion a number of further torque curves are reproduced and the 
experiences of designers in meeting the problem are described. 


Cooling 
The Principles of Heat Transfer. (S. Erk, Z.V.D.I., Vol. 75, No. 30, 25/7/31, p. 
970.) (Germany 8.4/23042.) 
A summary is given of the physical quantities entering into the theory of 
heat transfer by a fluid in motion. A list of eight physical quantities is given 
from which are formed five non-dimensional quantities, of which the most familiar 
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is Reynolds’ numbers, velocity x linear size/kinematic viscosity. A closely 
analogous quantity is Péclet’s number, velocity x linear size/thermometric con- 
ductivity. (Thermometric conductivity is equivalent to the ordinary conductivity 
divided by the product of the density and specific heat.) The introduction of 
such non-dimensional quantities is a powerful method of generalising and simplify- 
ing the mathematical analysis and of bringing out the fundamental physical 
relations. 


High-temperature Liquid Cooling of Aero Engines. (H. Weidinger, Flugsport, No. 
22, 28/10/31, pp. 482-484.) (Germany 8.442 / 23043.) 

German experiments with ethylene glycol show that the engine performance 
is not appreciably affected by raising the mean radiator temperature to 140°C. 
with less cooling medium, smaller radiator circuit, and reduced head resistance. 
Special jointing material is required in the radiator circuit, and special fuels are 
required, such as 80 per cent. Benzol. Glycol vapour under certain conditions 
is inflammable. 


Piston Cooling. (French patent No. 683902, 25/10/29, H. Junkers, L’Aeron., No. 
150, Nov., 1931, p. 387.) (France 8.42 / 23044.) 

A hollow steel piston head carrying the piston rings is attached by a single 
central screw to a light alloy skirt, a flat joint between the two allowing for radial 
expansion. The crown of the steel head is supported on an elastic insert which 
serves to break up the liquid filling for better heat dissipation. 


High-temperature Cooling of Engines. (H. Weidinger, Z.F.M., Vol. 22, No. 18, 
28/9/31, pp. 541-546.) (Germany 8.442 23045.) 

Three fluid media are considered. 

Ethylene glycol (C,H,O,) has a sharply-defined boiling point (197°C.) and 
a low freezing point (—37°C.), both of which are advantageous. The com- 
paratively low ignition temperature (116°C.) requires special precautions. It is 
hygroscopic, and mixes with water in all proportions. With 10 per cent. water 
the boiling point falls to 140°C. but the the ignition point rises to 130°C.  Pre- 
cautions against absorption of water are not difficult to maintain. On trials of 
42 hours total duration, extending over 11 weeks, the absorption of water in one 
filling of glycol was only 4 per cent. with reduction of b.p. to 160°C. 

The cooling medium No. 82 of the I.G.F. has entirely similar properties. 

The Prestone cooling medium, tested successfully in U.S.A., has also very 
similar properties apart from the low ignition point, stated to be 116°C., without 
specifying the method of measurement. 

Details of the mounting on test bench and in aeroplane are given with a 
diagram and six photographs. The results of numerous tests are recorded 
graphically. 


Fuels, Detonation, Etc. ° 


Safety Fuel “‘ Ferrier.’’ (Luftwacht, No. 10, Oct., 1931, p. 466.) (Germany 
8.64 / 23046.) 

The safety fuel is employed by certain French air lines and appears to be a 
special paraffin oil (so called white oil) of definite distillation limit doped with 
ethyl lead. The fuel requires a vaporiser as it is not sufficiently volatile for use 
in a normal carburettor. Its high flash point and low vapour pressure render 
ignition by an open flame or spark practically impossible. 


_ 
__ 
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Peroxide and Gum in Gasoline. (J. A. C. Yule and C. P. Wilson, Ind. & Eng. 
Chem., Vol. 23, No. 11, Nov., 1931, pp. 1254-1259.) (U.S.A. 8.64/23047.) 

A linear relationship was obtained between the gum content (determined by 
Norris and Thole method) and the amount of active oxygen present in petrol. 
A so-called peroxide number is obtained by shaking the petrol with a solution 
of ferrous sulphate and titrating with titanous chloride solution, and is expressed 
by the gram equivalent of active oxygen per 1,000 litres. 

The test is sensitive and oxidation can be detected long before it has proceeded 
far enough to give trouble in practice. 

Most of the gum obtained is produced during evaporation and depends on 
the time taken. In an engine the time is relatively short, and considerable gum 
contents determined by the slow evaporation methods are permissible. 

The authors do not discuss the effect of peroxide or active oxygen on the 


H.U.R.C. 


Photographic Study of Detonation. (Autom. Ind., Vol. 63, No. 15, 10/10/31, p. 
551.) (U.S.A. 8.654 / 23048.) 

Recent French experiments indicate that detonation in an engine is due to 
combustion initiated by flame travel and completed by a wave of explosions. The 
intensity of the detonation depends on the proportion of chemical energy liberated 
by this second method of combustion. 

The fuel under examination is burnt in a special combustion chamber and a 
series of flame photographs are taken with gradually rising initial temperature 
of the mixture. In the normal combustion records the flame track is clearly 
seen. As the temperature rises the flame record becomes less distinct and dis- 
appears at the so-called detonation temperature. 

It is stated that fuels rated in this apparatus gave equivalent results in an 
engine. 


Single-jet Carburettor. (H. Quillery, C.R., Vol. 193, No. 17, 26/10/31, pp. 703- 
706.) (France 8.701 /23049.) 

The object of the design is to give a mixture strength of 12/1 at full power, 
15/1 at cruising, and 2/1 at starting, by employing only a single jet. Moreover, 
these relationships are to be maintained at altitude. 

Two butterfly throttles are employed, one in the air intake before the jet and 
one behind the jet. The jet itself is of the submerged type employing diffuser 
air. 

The butterfly throttles are linked together, one of the members being under 
aneroid control with compensation for temperature and pressure. 

Starting up and slow running are effected by control of the float chamber 
pressure. 


Diesel, Etc. 
The Motor-car Diesel Engine. (Z.V.D.1., Vol. 75, No. 36, 5/9/31, pp. 1123-1126.) 
(Germany 8.25 / 23050.) 
A summary is given of papers presented at V.D.I. Congress, 27/6/31. 


Fuel Injection with Spark Ignition. (FE. S. Taylor and G. L. Williams, S.A.E. Jrnl., 
Vol. 30, No. 1, Jan., 1932, pp. 24-30.) (U.S.A. 8.705 / 23051.) 

A discussion is given of the test engine and of the injection valves used in the 
test. Controlled turbulence was found necessary for smooth operation. Distil- 
lation curves are given of three fuels—aviation fuel, hydrogenated fuel, and fuel 
oil. Fuel consumption and B.M.E.P. are exhibited graphically as functions of 
the injection timing for the three types of fuel. The same quantities are exhibited 
as functions of the fuel ratio for best performance timing. 
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The H.U.C.R. is also shown as a function of injection timing. A summary 
is given of the conclusions, of which the more interesting are the possibility 
of using hydrogenated fuel of low volatility and high anti-knock value; and the 
further possibility of obtaining useful results from ordinary low-grade Diesel fuels 
along the same lines. 


Fuel Pumps 
Hydraulics of Fuel-injection Pumps for Compression-ignition Engine. (A. M. Roth- 
rock, N.A.C.A. Rept. No. 396, Nov., 1931.) (U.S.A. 8.705 / 23052.) 
Formule are derived for computing the instantaneous pressures realised, con- 
sidering either compressibility alone or more accurately taking into account the 
compressibility, elasticity, and inertia of the fuel, using the methods of Prof. Sass. 


Fuel Pumps. (French patent No. 683963, 26/10/29, H. Junkers, L’Aeron., No. 
150, Nov., 1931, p. 387.) (France 8.741 / 23053.) 
In the Bosch fuel pump injecting begins at a fixed crank angle, but the 
length of the delivery is controlled by a groove cut in the rotating plunger. 
In Junkers’ specification a second groove is cut to control the beginning of 
the injection, which is timed later as the load becomes lighter. 


Anti-aircraft Ranging and Gunnery 
Anti-aircraft Guns. (Army Ord., Vol. 12, No. 69, pp. 174-177.) (U.S.A. 9.77/ 
23054.) 

See abstract No. 19/21372. Further photographs of modern equipment are 
given, including the 105 mm. a.a.c. gun with a vertical range of 42,000 feet, 
firing at fifteen rounds per minute. A battery of four gin. a.a.c. guns on special 
mountings is shown in action, and another photograph shows in greater detail 
the truck with extensible base girders and towing car. 


Best Use of Training Grounds for Aerial Machine-gun Practice on Towed Targets 
and Bombing Practice. (Capt. Mauriot, Rev. F. Aer., No. 27, Oct., 1931, 
pp. 1231-1240; and No. 28, Nov., 1931, pp. 1328-1336.) (France 9.77/ 
23055.) 
The best utilisation of the available ground area is discussed, and abacs are 
given for determining the danger zones for various types of machine gun and 
bombing’ practice. 


Materials 
Properties of Steels—Use of Probability Curves. (S.A.E. Jrnl., Vol. 30, No. 1, 
Jan., 1932, Supplement, p. 11.) (U.S.A. 10.101 / 23056.) 

Among the sectional reports issued with this number the use of probability 
curves to indicate test properties of steels is defined and illustrated. 

A large number of samples is tested and the results are grouped in a proba- 
bility curve of which the abscissa are the physical properties measured, tensile 
strength, elongation, etc., while the ordinates are the number of test pieces falling 
within certain ranges. 

Where a third variable enters, such as drawing temperature, three curves 
are drawn corresponding to maximum and minimum values and value of greatest 


frequency. 
Further details are given in the Journals of January 1928, p. 55, and December 
1931, p. 488. 
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Appearance of Blow-holes due to Gaseous Oxides in Aluminium Alloys. (R. Sterner- 
Rainer, Z. fiir Metallk., Vol. 22, No. 10, Oct., 1931, pp. 274-282.) (Germany 
10.231 / 23057.) 

Nitrogen, oxygen, carbon dioxide, carbon monoxide, sulphur dioxide, and 
even hydrogen and watergas may be included in the molten aluminium. Methane 
and ethylene, which occur in most flames, are easily soluble in aluminium at 800°C. 
The other constituents of aluminium allovs, such as copper and silicon, also absorb 
gases readily. The best method of determining the included gases not actually 
in chemical composition is melting in a vacuum. Photographs are reproduced 
-of a number of specimens showing porosity due to included gases. A summary 
is given of the methods employed to avoid the inclusion of gases, particularly as 
practised in Germany and America. The addition of a regulus, 1/10 per cent. 
of a mixture of CCl,, MnCl,, AmF1, is recommended. 

Photographs of different aluminium alloys are shown, with and without treat- 
ment with the regulus. The improvement is striking. 


‘Constitution Al-Fe-Si Alloys Rich in Aluminium. (V. Fiiss, Z. fiir Metallk., Vol. 22, 
No. 8, Aug., 1931, pp. 231-236.) (Germany 10.231 / 23058.) 

Triangular co-ordinates are used to represent the proportions of metals 
present. Chemical combinations of iron and silicon, FeSi, Fe,Si,, are conveniently 
shown by straight lines. Sixty microphotographs are reproduced indicating the 
structure of the alloy with different proportions of the constituents. The article 
is concerned with metallurgical constitution and not with mechanical properties. 


Lautal Riveting. (O. Repp; Z.F.M., Vol. 22, No. 5, 14/3/31, p. 152.) (Germany 
10.23 / 23059.) 
A summary is given of the results of tests of lautal riveting, with specification 
of the material, disposition of the rivets, and conditions of tests. 


_Autogenous and Electric Welding of Monel Metal. (F. Schiippel and W. Kastner, 
Z. fiir Metallk., Vol. 22, No. 10, Oct., 1931, pp. 286-289.) (Germany 
10.28 / 23060.) 

A sound joint can be made with monel metal by welding with certain pre- 
cautions. The weld may reach the strength of the original metal. Tables of 
tensile strengths are given and microphotographs illustrate the changes of struc- 
ture. Corrosion tests of welds with a number of corrosive solutions are also 
described. 


Arcatom Welding Process. (S. Sandelowsky, Z.V.D.I., Vol. 75, No. 44, pp 
1361-1364.) (Germany 10.28 / 23061.) 

An application is made of Langmuir’s principle of dissociating a jet of 
hydrogen in an electric arc with reunion beyond the electrodes at a temperature 
of 4,000°C. The incandescent jet thus produced is applied to welding as con- 
veniently as an ordinary jet flame. The apparatus is illustrated and a photograph 
of a typical weld is reproduced along with two microphotographs of the structure 
of the material in the weld and near the weld. A number of test results are given 
in a numerical table and graphically. The temperature of the flame lies between 
that of the electric arc and the ordinary jet flame. 


Corrosion: Protection of Metal Parts of Aircraft. (H. Sutton, J.R. Aer. Soc., Vol. 
36, No. 253, Jan., 1932, pp. 1-23.) (Great Britain 10.125 / 23062.) 

Data are drawn from a wide range of official experience, and a number of 
photographs are reproduced illustrating cracks and fractures associated with 
corrosion. Brief specifications are given of methods employed for the protection 
.of steel, including organic coatings and cadmium, zinc and steel plating. 


— 
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Protection of aluminium and aluminium alloys is dealt with separately. The 
effectiveness of alclad is confirmed, and its stability outweighs decisively its 
inferior initial strength. Alternate methods of anodic treatment are described, 
and the advantages of stainless steel cathodes are stated. Anodic treatment 
requires to be supplemented by protective coating. 

In the protection of magnesium alloys, electro deposits of zinc and cadmium 
plating appear to aggravate corrosion in contact with salt solutions. Anodic 
treatment has not proved satisfactory. Immersion in acid chromate solutions 
supplemented by cellulose enamel has merits. Substantially the protection of 
magnesium against the effect of sea water is unsatisfactory. 

A discussion follows, and the points raised received detailed reply. 


Corrosion: Protection of Magnesium Alloys. (H. Sutton and L. F. Le Brocq, 
Engineering, Vol. 132, No. 3440, 18/12/31, pp. 771-772.) (Great Britain 
10.262 / 23063. ) 

The protection of magnesium alloys is discussed along the same lines as in 
the previous abstract, in considerably extended detail. 


Requirements of Aeroplane Coatings. (J. L. McCloud, Ind. & Eng. Chem., Vol. 23, 
No. 12, pp. 1334-1339.) (U.S.A. 10.262 / 23064.) 

A systematic method of testing the value of protective coatings, particularly 
for duralumin, is laid down, and examples of the changes in tensile strength and 
elongation are plotted against hours of exposure. A number of technical data 
are given in connection with eleven test curves reproduced. Eight references 
are given. 


Theory of Metallic Corrosion. (G. D. Benbough, A. R. Lee and F. Wormwell, 
Proc. Roy. Soc., No. A.823, pp. 308-343.) (Great Britain 10.125 / 23065.) 

A method of corrosion by oxygen absorption previously applied to zinc is 
applied to purified iron and to two samples of mild steel. For weak KCI solutions 
an exponential rate was found, and for strong solutions a linear rate. The rate 
appears to be controlled by the precipitated corrosion products. 

In comparison with zinc the iron and steel samples corroded more quickly 
in water with a certain conductivity, but less quickly in dilute KCI solution. The 
difference is attributed to the corrosion products. 

A number of photographs are reproduced and numerous experimental curves 
are plotted. 


Resistance of Galvanic Deposits on Iron and Light Alloys to Sea-water Corrosion. 
(E. K. O. Schmidt, Z.F.M., Vol. 22, No. 5, 14/3/31, pp. 141-147, 209th 
D.V.L. Rept.) (Germany 10.125 / 23066.) 

A fine spray or fog of sea water was maintained in contact with different 
specimens. For the protection of iron and steel, cadmium plating gave con- 
sistently good results. Lead oxide, chromium plating, zinc galvanising and 
cadmium and zine in conjunction all gave defective results. In the case of light 
alloys cadmium plating again proved the most satisfactory, but it involves special 
difficulty in plating duralumin and lautal. On electron it gave poor results. 
Rubber coating gave variable results but was not satisfactory. 

Photographs show about 40 examples of corrosion. 

Seven references are given. 


Porosity of Electro-plated Chromium Coatings. (W. Blum, W. P. Barrows and 
A. Brenner, Bur. St. J. Res., Vol. 7, No. 4, Oct., 1931, pp. 697-711.) 
(U.S.A. 10.262 / 23067.) 

From authors’ abstract.—Various methods for detecting porosity of 
chromium coatings were found to yield consistent results. Very thin deposits 
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contain round pores. As the thickness is increased the porosity decreases to a 
minimum, after which an increase in thickness is usually accompanied by the 
formation of cracks, either parallel or random. 

Deposits on nickel are less porous than those on other base metals. This 
difference is at least partly due to the greater ease of securing a bright finish on 
nickel prior to the chromium plating. 


Non-metallic Materials 
Tests of Wire Nails and Wooden Joints. (W. Stoy, Z.V.D.I., Vol. 75, No. 43, 
24/10/31, pp. 1337-1341.) (Germany 10.42 /23068.) 
Elementary principles of the stresses under shear are considered, and the 
results of numerous tests are tabulated and plotted graphically. Photographs 
illustrate typical failures under shearing forces. 


Technique of Bending Wood. (A. Prodehl, Z.V.D.I., Vol. 75, No. 39, 26/9/31, 
pp. 1217-1222.) (Germany 10.42 / 23069.) 


Systematic investigation was carried out by the author by bending wood 


in various machines. ‘The stresses are discussed in terms of elastic theory, and 
the numerical results are shown graphically. Scattering of the experimental 
bends is shown by shaded areas surrounding a curve of mean values. Typical 


fractures caused by overstrain are illustrated by photographs. 


Wind Tunnels, Testing Apparatus, Etc. 
Testing Apparatus and Machines. (Rev. Sci. Insts., Vol. 2, No. 11, Nov., 1931, 
pp. 665-737.) (U.S.A. 11.4/23070.) 
The article is illustrated by nearly seventy photographs of apparatus dealing 
with strength of materials, microphotographs, spectrographs, colorimeters, 
thermometers, barometers, etc. 


Wind Tunnel Tests. (J. Andrade, Autom. Eng., Vol. 21, No. 287, Nov., 1931, pp. 
542-544.) (Great Britain 11.16 /23071.) 

A paper read before the Soc. Automotive Engineers, U.S.A., on the applica- 
tion of wind channels to testing motor car resistance. The influence of the ground 
is allowed for by introducing a mirror image model. The underlying assumption 
that there is no motion across the plane of symmetry may not be entirely 
justifiable. The motion of particles of lampblack suspended in a layer of kerosene 
on a flat board in the vertical plane of symmetry can only be considered a 
qualitative time mean, but is sufficient to indicate general flow in regions of 
excessive turbulence. The use of the wind channel will certainly provide useful 
data, which could scarcely be obtained otherwise, in a rapid and convenient way. 


Airships, Etc. 
Atmospheric Humidity and Static Lift of Airships. (W. G. Bird, J.R. Aer. Soc., 
Vol. 35, No. 251, Nov., 1931, pp. 973-1039.) (Great Britain 12.1 / 23072.) 
The author examines in numerical detail the usual approximations applied 
to determine the density of the atmosphere and of the lifting gas in an airship 
under different conditions of temperature, density and humidity. Al! the expres- 
sions are carried to a further approximation, and in most cases the percentage 
error is found to be negligibly small. The remaining factors are of a more 
practical nature, such as the estimation cf the volume of a partially-filled gas bag, 
and the structural weight of a completed airship. The latter is a trouble well 
known to designers of all classes of machinery and structures, and arises from 
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the fact that while the specified quantities may be taken as fairly accurate, 
unspecified items have a disconcerting way of adding to the total structural weight. 
The dynamical effects of rain and the dead weight of rainwater adhering to the 
surface are also considered and found to be small. Numerical examples are 
worked from experience with R.100. 

The formule derived are put in a form convenient for design-room calculation. 
C.G.S. units are used throughout, and the units usually employed are criticised 
as being inconsistent and inconvenient. A table of conversion from the former 


is given, 


Drag of Airships, Deceleration Tests. (F. L. Thompson and H. W. Kirschbaum, 
N.A.C.A. Rept. No. 397, Oct., 1931.) (U.S.A. 12.2/23073.) 

The drag is taken as proportional to the square of the velocity and_ the 
characteristic area is taken as the 2/3-power of the volume. 

On these assumptions the distance run without engine should be proportional 
to the reciprocal of the velocity. Numerous readings are plotted on this basis 
for seven American airships under different conditions. For steady conditions 
points representing experimental readings are grouped fairly closely about straight 
lines, from the slope of which the drag coefficient is readily calculated. Correc- 
tions for airscrew resistance are discussed. Acceleration tests were also carried 
out. These depend on knowledge of the effective thrust. 

The airspeed was measured in the usual manner by Pitot tube with the head 
placed at a sufficient distance from the hull to render interference negligible. The 
drag coefficients varied from 0.023 for the Los Angeles to 0.049 for the Puritan. 
On another test the resistance coefficient of the Puritan was found to be 0.044, 
a difference of about 10 per cent. not definitely accounted for, which may be 
due to departure from axial motion by a small pitch or yaw angle. 


Primary Stresses in the Hull of a Rigid Airship. (L. Chitty and R. V. Southwell, 
J. Roy. Aer. Soc., Vol. 35, No. 252, Dec., 1931, pp. 1103-1136.) (Great 
3ritain 12.2 / 23074.) 

The simplifying assumptions are made that the frame has parallel longitudinals 
and that the sections are polygons. Axial displacements, only, of the nodes 
produced by axially imposed forces are considered. Each ring is taken as rigid 
in its own plane. It is assumed that the displacements vary in geometrical 
progression from ring to ring. The paper is chiefly concerned with determining 
the factor of decrease and a related quantity correcting the displacements of any 
‘* normal ’’ solutions 
normal ’’ solutions. 


three consecutive joints in the same ring. By this method 
are obtained and general solutions are constructed from 
The general solutions are worked out largely in the form of trigonometrical series. 
Numerical values are obtained and tabulated for coeflicients entering into” the 
general solutions and the stresses required to maintain the assumed unitary dis- 
placements are obtained. These numerical values may be multiplied by a factor 
to obtain displacements and stresses under any assigned loads. graphical 
representation is also given of the displacements over six bulkheads. 

The object of the paper is to obtain an approximate general guide for 
designers, and not an accurate solution for a particular case. 


oe 


Elastic Theory of the Rigid Airship. (E. Seydel, L.F.F., Vol. 9, No. 2, 25/8/31, 
pp. 57-84.) (Germany 12.3/ 23075.) 

The manuscript of the late H. Muller-Breslau has been edited posthumously 
for D.V.L. An outline of the methods employed is given by the editor. Simple 
assumptions are introduced as to the shape and elastic properties of the framework 
and these are generalised step by step in the subsequent sections. All the loadings 
are symmetrical in the vertical plane of symmetry. The rings are assumed 


— 
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initially to be rigid, and only the diagonal members are considered elastic with 
simplifying assumptions. Cylindrical and conical cells are discussed. Generally 
speaking, one set of members only is considered elastic initially. Approximate 
strains and stresses are calculated. Further groups of members are then con- 
sidered elastic, and the step by step process can be continued so long as the 
resulting equations remain tractable. The editor considers that the method might 
be extended finally to the case where the rings are considered deformable. The 
paper as it stands is an important contribution to the methods of airship frame 
calculation. 

It is stated that the appropriate section of the D.V.L. will collect in a future 
paper all the methods of airship stress calculations hitherto recognised. 


Power Plant of the Graf Zeppelin. (F. Sturm and M. Schirmer, Z.V.D.I., Vol. 75, 
No. 38, 19/9/31, pp. 1189-1192.) (Germany 12.2/23076.) 

Two photographs and a diagram are given of the engine installation and 
drive. A specification is given of the airscrew with the estimated efficiency. Air 
speed and power-gas consumption are shown graphically against engine r.p.m. 
with 4 and 5 engines with and without gearing. The maximum speed is plotted 
against total power and the consumption of power gas against speed. 


U.S. Airship “‘ Akron.’’ (Aviation, Vol. 30, No. 11, Nov., 1931, p. 621.) (U.S.A. 
12.3 / 23077.) 
On September 23rd the U.S. airship Akron made a trial trip of 3 hours 
47 minutes. Crew and passengers numbered 113. $1,515,000 has been allotted 
for construction of a new shed 1,138 feet long. Total cost of the airship base, 
with barracks, service buildings, railroad track, and helium purification plant, is 
$ 5,000,000. 


(Aviation, No. 12, Dec., 1931, p. 669.) 

The Akron has been accepted by the U.S. Navy in spite of a two-knot 
deficiency in top speed, which it is hoped may be corrected by selection of suitable 
airscrews. 

The contract for the second airship comes into effect automatically. 


An additional shed is being constructed near San Francisco. 


(Aire. Eng., Vol. 3, No. 33, Nov., 1931, pp. 271-273.) 

A summary is given of information recently become available with reproduc- 
tion of photographs of the airship in various stages of construction and of details 
of accessories. 


Wireless 


Ultra Short Waves, Direct Crystal Control. (H. Straubel, Phys. Zeit., Vol. 32, No. 
23, 1/12/31, pp. 937-941.) (Germany 13.3/23078.) 


An application of crystal control to short wave-lengths, of less than 4o-50 m., 
leads to difficulties from subsidiary periods in the crystal. Determinations of the 
periods of tourmaline crystals were made at frequencies of 130,000 to 150,000 
Hertz. by sprinkling lycopodium powder on the surface and observing the forma- 
tion of the nodal lines. In testing a particular crystal an 80 per cent. falling off 
in the control is recorded, from 10 m. wave-length to 2m. Details are given of 
laboratory methods and of experiences in carrying out tests. 


= 
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Short Radio Waves, Propagation over North Atlantic. (C. R. Burrows, Bell Tele. 
No. B.593, 1931.) (U.S.A. 13.32 / 23079.) 

The annual variations in the intensity of reception are recorded against time 
of day and freque ney of transmission by means of contour lines. Selection of 
the best frequencies is thus made immediately possible. 

Causes of disturbance are considered in the paper and in the discussion. 


Short-wave Directive Antenne; Developments. (E. Bruce, Bell Tele. No. B.587, 
Sept., 1931.) (U.S.A. 13.6/23080.) 

Author’s summary.—Part I discusses the relative importance of the factors 
which limit the intelligibility of short-wave radio telephone communication. The 
more important of these factors are inherent set noise, external noise (static, etc.) , 
and signal fading. The possibility of counteracting these limitations through 
antenna directivity is indicated. 

Part 2 describes an antenna system which maintains a desirable degree of 
directivity throughout a broad continuous range of frequencies. The cost of 
this antenna is more favourable than that of many types of fixed frequency antennze 
of equal effectiveness. 


New Methods of Frequency Control employing Long Lines. (J. W. Conklin, J. L. 
Finch and C. W. Hansell, Proc. Inst. Rad. Engs., Vol. 10, No. 11, Nov., 
1931, pp. 1918-1930.) (U.S.A. 13.3/ 23081.) 


Authors’ abstract.—The practical difficulties encountered in) commercial 
operation of short-wave transmitters, due to the great number of radio-frequency 
stages required for crystal control, are summarised. Methods are described for 


meeting these difficulties through frequency control by long radio-frequency trans- 
mission lines, which have inherently large volt-ampere capacity and which make 
possible a considerable reduction in operating costs and improvement in reliability. 
Methods for applying the lines to the control of oscillator frequencies by using 
them as relatively constant low power factor resonant circuits and as aperiodic 
means for feeding regenerative energy from anode circuits to grid circuits are 
described. A method is given for obtaining both the advantages of crystal 
oscillators as frequency standards and the economies and reliability of long line 
transmitter frequency control. 


Improved Audio-frequency Generator. (E.G. Lapham, Bur. St. J. Res., Vol. 
No. 4, Oct., 1931, pp. 691-695.) (U.S.A. 13.5 / 23082.) 

Author’s abstract. —An audio-frequency generator for use in radio-frequency 
measurement is described. The variable audio-frequency output is the beat note 
between two sources of radio-frequency ; the one a piezo oscillator, the other a 
variable oscillator. The output is continuously variable from 50 to 1,500 cycles 
per second. The entire unit is assembled very compactly and the essential parts 
are mounted in a temperature-controlled compartment. The calibration curve is 
practically linear over a range of 50 cycles per second, and repeated calibrations 
indicate that it is constant to better than o.1 cycle per second over the entire 
range. 


New Broadcasting Installation in Berlin. (G. Lubszynski and K. Hoffmann, Proc. 
Inst. Rad. Eng., Vol. 10, No. 11, Nov., 1931, pp. 1955-1970.) (Germany 
13.31 / 23083. ) 
A descriptive account is given of the lay-out of the new broadcasting centre 
in Berlin opened in January, 1931, illustrated by 15 photographs and diagrams. 


356 ABSTRACTS FROM SCIENTIFIC AND TECHNICAL PRESS 


Polarisation phenomena of Low-frequency Waves. (Shogo Namba, Proc. Inst. Rad. 
Engs., Vol. 10, No. 11, Nov., 1931, pp. 1988-1999.) (U.S.A. 13.6 /23084.) 
An elementary theory is given and a number of experimental data are recorded, 
showing examples of elliptic and linear polarisation, varying with the mutual 
bearings and distances of ihe stations and with the time of day. 


Polarisation of High-frequency Waves and their Direction-finding. (S. Namba, E. 
Iso and S. Ueno, Proc. Inst. Rad. Engs., Vol. 10, No. 11, Nov., 1931, pp. 
2000-2019.) (U.S.A. 13.6 / 23085.) 

An elementary theory is given with a description of the apparatus, illustrated 
by a photograph and diagrams. Numerous experimental data are recorded, 
showing very wide variations in the apparent bearing, with time of day, and com- 
plete failure of the readings at sunrise and sunset. 


Photo-electric Cells, Application to Colorimetry. (H. E. Ives and E. F. Kingsbury, 
Bell Tele. No. B.600, 1931.) (U.S.A. 13.5 /23086.) 

The photo-electric qualities of various cells for different wave-lengths are 
represented graphically ; the problem of combining these to form a direct reading 
indicator of the total intensity is. discussed. Subsidiary details of amplification 
are also considered. A number of physical difficulties remain. 


Television Reception. (R. Barthélémy, Rev. Gen. de 1]’Electricite, 4/7/31, pp. 
3-12; and 11/7/31, pp. 52-59.) (France 13.7 / 23087.) 

Part I deals principally with the characteristics of the luminescent Neon tube 
under variable load. 

There is, in effect, a hysteresis loop in the curve of luminous intensity plotted 
against the applied voltage (which appears in the figures diagrammatically as a 
triangular area.) If the voltage is allowed to fall below the point of extinction 
of the Jamp there is a lag in the time of relighting as the voltage rises which 
prolongs the dark interval in the intermittent image so as to impair seriously 
the visibility. 

As a choice of a lesser defect, the voltage is maintained just above the point 
of extinction by a bias e.m.f. Although the tube now glows continuously, decrease 
of intensity at the minimum has the effect of a faint permanent lighting super- 
posed on the image and is substantially ignored by the eye. 

Diagrams of connections are given and a brief account of the mechanical 
arrangements for scanning. 

The range of the experiments was 2 or 3 k.m. Specifications are given of 
useful working values of frequency voltages, resistance, reactance and capacity 
in the component parts. 

A brief note with a diagram of connections is given of Baird’s alternative 
arrangement by coupling with a transformer, which the author finds incapable of 
equally fine analysis for a wide range of frequencies. 

Part Il deals with the fundamental problem of synchronisation. After 
reference to the possibilities and inherent difficulties of the use of synchronous 
alternating current generators and motors, and equally of motors synchronised 
by electro-magnetic control, the author describes his own solution. 

After each complete scanning cycle, a radio signal is sent out on a wave- 
length within the television band. This actuates an oscillator, in the locality 
of the receiver, with amplitude independent of the frequency but rigorously in 
the same phase as the signal. 

The oscillator used by the author consists of a Neon lamp, a condenser, and 
a resistance, constituting a so-called ‘‘ relaxation system.”’ 

The released oscillation acts only within the interval between the lighting 
and extinction of the Neon lamp, an interval easily reducible to less than the time 


ABSTRACTS FROM SCIENTIFIC AND TECHNICAL PRESS = 357 


of a scanning cycle, which is about 1/16th second, and no further reaction occurs 
till the next signal is received. 

The oscillation is amplified suitably and is applied as a synchronising force 
to a special motor which automatically runs up to synchronous speed. 

The advantages of this method appear to be analogous to the application of 
the pendulum to the escapement instead of to the drive, which make possible the 
modern clock. 

The author claimed that these two applications offer an adequate solution 
of the practical problem of radio television without land wires, and in giving a 
demonstration of results already achieved anticipated a wider practical range in 
the near future. 


Piezo Oscillators, Quartz Plate Mountings and Temperature Control. (V. E. Heaton 
and E. G. Lapham, Bur. St. J. Res., Vol. 7, No. 4, pp. 683-690.) (U.S.A. 
13.81 / 23088.) 

Krom authors’ abstract.-—-Unless the movement of the quartz plate inthe 
holder is restricted the frequency will change with each slight jar. A long rect- 
angular quartz plate, oscillating in its extensional mode, may be clamped centrally 
perpendicular to its length between two keys, one in the face of each clectrode, 
with constant frequency of one part in 300,000. For frequencies above 100 k.c. 
the damping of the keys is too great. 

A satisfactory holder for mounting a cylindrical quartz plate for ** thickness 
oscillation ** may be made by clamping the plate between three screws, mounted 
radially 120° apart in a ring so that they press into a \-shaped groove cut 
round the cylindrical surface of the quartz plate midway between the faces. The 
electrodes are spaced on cither side of the quartz plate by pyrex washers. The 
frequency in this mode has been found constant to one part in 1,000,000 in a 
portable standard with the addition of temperature control of the oscillating 
circult, 


Air Survey 
Air Survey. (Aero Digest, Vol. 19, No. 6, Dec., 1931, p. 74.) (U.S.A. 14.14 
23089. ) 

A note is given on the use of a five-lens camera in air survey. The work 
was carried out at 20,000 feet by use of an improved film with special filter which 
extended the range beyond ocular visibilitv. Special photogrammetric apparatus 
was used for reduction of the outer of the five films. It is stated that the time of 
survey was reduced to a ninetieth and the cost to a thirtieth. 


Acoustics 
Measurement of Sound Transmission. (A. E. Knowler, Phil. Mag., No. 80, Nov., 
1931, pp. 1039-1042.) (Great Britain 15.2 /23090.) 
By an improvement in the method described in a previous paper (See Abstract 
No. 16/13539) the sound emitted by a loudspeaker and reduced by transmission 
through a partition is compared directly with the sound emitted by an unob- 


structed loudspeaker and reduced to sensibly equal intensity by a shunt. The 
corresponding process is repeated from the other side of the partition. — The 


shunt is calibrated to give intensity reductions of 4, 1, 2, 2, 5, 10, 20, 20 and 20 
decibels, giving steps of } decibel from o to 8o decibels. Various precautions 
are described. Five types of partition were used, single and double fibre boards 
with and without lime mortar dressing, and a 4} in. brick wall set in 
cement mortar. The numerical results are plotted graphically and show that 
the double fibre board, both sides being dressed with mortar, gives the greatest 
reduction of intensity. 


= 
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New Method of Sound Frequency Analysis. (1. Theodorsen, N.A.C.A. Rept. No. 
395, 1931.) (U.S.A. 23091.) 

The elementary mathematical theory is given of a previous method of analysis 
by superposing a known voltage of controlled frequency on the grid of two 
matched vacuum tubes with 180° phase difference. 

To illustrate the principle of the new method a known voltage of controlled 
frequency is imposed on a circuit containing a hot wire resistance. The total 
heating loss is the integral of the square of the sum of the vector currents taken 
over a suflicient time to contain many complete cycles of the lowest frequency, 
thereby eliminating the variable phase effect. 

By the harmonic property of sine and cosine functions all products of currents 
of different frequencies vanish on integration through a complete cycle and ihe 
loss is proportional to the sum of the squares of the individual effective values. 

If the frequency f of the superimposed current J differs sensibly from all 
other frequencies then a term RJ? is added to the losses, but if its frequency / 
approaches another frequency /, then an additional term appears, 2RI//,. 

If f and f, are nearly equal then the term 2R//, is only added for a cvele in 
which they are nearly in phase, and slowly passes through all values to— 2/1 
when they are 180° out of phase, with frequency f—f, which can be made 
arbitrarily small. In this way a slow frequency beat can be produced and 
observed. 

In application the variable voltage is obtained from a commercial beat fre- 


quency oscillator. As a hot wire resistance the filament of a vacuum tube is found 
particularly suitable, being of the desired dimensions with temperature fluctuation 
producing corresponding changes in the plate current. The sound energy ts trans- 
formed into electrical energy in the usual way. A. full) specification of the 
apparatus is given with diagrams of connections. A number of diagrams are 
reproduced showing distribution of energy in the different frequencies. It is 


pointed out that the records are defined with equal sharpness at all frequencies 
examined, 
Sound Generated by a Rotating Airscrew. (FE. T. Paris, Phil. Mag., Vol. 13, No. 82, 
Jan., 1932, pp. 99-111.) (Great Britain 15.34 / 23092.) 
A brief summary is given of the mathematical methods and results, ex- 
pressed in terms of Bessel functions, of I. J. Lynam and H. A. Webb (1919) 


and the more recent discussion by M. D. Hart (1930). The author determines 
experimentally the distribution of sound intensity emitted by a single-engined 
bomber with 7oo h.p. engine, a two-bladed airscrew of 4.5 m. diameter, and a 
chord pitch of 3.2 m. The engine was run at 1,750 r.p.m.; the airscrew was 


geared down in the ratio 0.477, giving a blade frequency of 27.8 Hertz. The 
microphone was placed 230 m. from the airserew on level open ground, and 
the aeroplane was swung by successive angles of 15°. The results are tabulated 
and plotted graphically. Curves are derived from various hypotheses of the 


writers referred to, and a formula is constructed representing the principal ob- 
served characteristics of the sound intensity distribution curve on a semi-empirical 
basis. 
Accidents 
Serious Flying Accidents, Causes. (Guet, Rev. F. Aeron., No. 28, Nov., 1931, pp. 
1337-1357.) (France 16.05 / 23093.) 
The proportion of accidents in subsidised lines and in the Air Forces is 
tabulated for cach vear, 1921 to 1930, and the results are shown graphically. 
Two classifications are given: 
(i.) The nature of the accident, with twelve sub-divisions ; and 
(ii.) the initial cause of the accident, with seven sub-divisions. 
Whereas from 1921-26 engine failures were the principal cause, in 1927-30 
accidents due to bad atmospheric conditions were predominant. 


| 
| 
| 


ABSTRACTS FROM SCIENTIFIC AND TECHNICAL PRESS — 359 


Helicopters, Etc. 
New Type of Gyroplane. (A. Klemin and B. P. Ruffner, Aire. Eng., Vol. 3, No. 34, 
Dec., 1931, pp. 305-306.) (U.S.A. 17.05 /23094.) 

The original article from ‘* Aviation Engineering ’? is reproduced with addi- 
tions and amendments. The aerodynamical relations of lift, drag and pitching 
moments are tabulated against disc angle of attack for different types of blade. 

See Abstract No. 21/22624. 


Gliding and Meteorology 
Flight of Birds and Flight of Aircraft. (A. Magnan, S. Tech. Aeron., Bulletin No. 
74, June, 1931.) (France 23095. 
The structure of the atmosphere is discussed with reference to ascending 
currents, turbulence periodicity, particularly the disturbances caused by 
buildings, forests, mountains and other obstructions, and by radiation and con- 
vection. Types of the resulting velocity fields are sketched diagrammatically. 
The anatomical construction of the wing is discussed and illustrated by numerous 
The aerodynamical effects are considered des- 


— 


photographs of birds in flight. 
scriptively, and illustrated in sketches. Applications of clementary principles 
are made to the flight of birds in ascending currents and to seabirds skimming 
across the crests of waves presumably taking advantage of the differential velocity 
field. 

A brief account is given of mechanical flapping devices. Gliding flight in 
rising currents is reviewed briefly and illustrated chiefly by extraets from recent 
German work. Miscellaneous aeronautical and aerodynamical matters are con- 
sidered in a conventional manner. 


Gliding, Eleventh Rhién Competition, Report. (W. Georgii, Z.F.M., Vol. 22, No. 5, 
14/3/31, pp. 129-140.) (Germany 17.4/23096. 

The report shows that the standard of gliding is rising. Heights of 500 

to 1,640 m. above the starting point were reached, and durations of 7) to 84 
hours. Numerous diagrammatic sketches are given of the formation of cumulus 
clouds, with point to point records of the trajectory followed by the glider, giving 
height against time. No new principles are disclosed but the remarkable manner 
in which rising currents are utilised both under cumulus clouds and over hill 
ridges is illustrated in great detail. Similar records exhibit the progress of a 
line squall across the country and the manner in which it is utilised for cross- 


country flying. 


Measurement of Vertical Wind Velocities in the Atmosphere. (K. O. Lange, Z.F.M., 
Vol. 22, No. 17, 14/9/31, pp. 513-519.) (Germany 19.1/ 23097.) 

A large number of data are incorporated in cight graphical charts showing 
the path of pilot balloons over the country round the aerodrome at Darmstadt 
and under cumulus clouds. A photograph exhibits air streamlines of a current of 
alr passing over a model of a mountain with a sharp summit and a_ well-defined 


lee. 


Forms of Stratified Clouds. (S. Mal, Beitrage, Physik, d. freien Atmosphare, Vol. 
17, 1930, pp. 40-68. Sir G. T. Walker, Jrnl. R. Met. Soc., Vol. 57, No. 242, 
Oct., 1931, p. 413.) (Great Britain 19.1 /23098.) 

A number of excellent illustrations of cloud forms in unstable layers of the 
atmosphere are reproduced. 

German observations of the temperature distribution and of the direction of 
the velocity field are collected, and offer direct experimental evidence that the 
modes of instability are substantially those predicted by Rayleigh in his mathe- 
matical analysis of Bénard’s experimental work. This explanation was introduced 
into British Meteorology by D. Brunt, ‘f Nature,’’ 1925, p. 300. 
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Release of Energy by Convection. (D. Brunt, Jrnl. R. Met. Soc., Vol. 57, No. 242, 
Oct., 1931, pp. 431-432.) (Great Britain 19.1 /23099.) 

The proof that the energy released by convection of ascending air is equal 
to the area of the tephigram receives an elementary geometrical proof which 
shortens the usual argument and gives an intuitive view oi the analytical pro- 
cesses involved. 


Ice Prevention 
Prevention of Ice Formation on Fuel Tank Vents. (TY. Theodorsen and W. C. Clay, 
N.A.C.A. Tech. Note No. 394, Oct., 1931.) (U.S.A. 19.15 / 23100.) 

Reported cases of freezing over of vents in fuel tanks during flight led to 
the present investigation in the Langley refrigerating wind channel. A tempera- 
ture of 28°F. was selected as giving the most severe test. Nine photographs of 
frozen-over vent pipes are reproduced. It was found that a pipe pointing down- 
wind was practically immune from freezing over and this arrangement is 
recommended, 


Matters affecting Pilots 
Psychological Aspects of Aviation. (G. Sgarbi, Rev. Aeron., Vol. 7, No. 11, Nov., 
1931, pp. 259-293.) (Italy 19.29/23101.) 
The paper outlines a scheme of psychological examination of the pilot witd 
reference to the relation between external stimuli, physical condition and motor 
reactions, 


Gas and Dust Masks. (P. Polaczek, Z.V.D.1., Vol. 75, No. 46, 14/11/31, pp. 1411- 
1414.) (Germany 19.37 / 23102.) 
The technique of modern gas and dust masks is discussed and various types 
of mask are shown in nine photographs and the principles are illustrated in 
diagrams. 


Catapults 
Launching by Catapult. (Wing-Commander L. J. Wackett, Flight, Vol. 23, No. 44, 
30/10/31, pp. 1086f-1086h.) (Great Britain 20.14 / 23103.) 
An elementary theory of catapult acceleration is worked out. | numerical 
example is given. 


Illumination 
Aerodrome and Route Lighting. (K. W. Mackall, Airc. Eng., Vol. 3, No. 33, Nov., 
1931, pp. 285-290.) (U.S.A. 21.06 / 23104.) 
A useful summary is given of American practice in aerodrome and route 
lighting with fourteen diagrams of distribution of light intensity and four photo- 
graphs and a sketch of equipment. 


Illumination Practice, Recent Development. (H. Lux, Z.V.D.1., Vol. 75, No. 45, 
7/11/31, pp. 1377-1381.) (Germany 21.095 / 23105.) 

The tungsten filament lamp has low illuminating efficiency, over 97 per cent. 
of the energy supplied being transformed into heat and cnly 3 per cent. into 
visible light. According to recent work (Pirani, Z.T.P., Vol. XI, 1930, p. 482) 
the phenomenon of luminescence exhibited by certain gas-filled tubes with hot 
cathodes gives an illuminating efficiency of 30 per cent., a result which may be 
considered as revolutionary. 
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Fog Penetration 


Enfeebling of Visible and Ultra-red Rays through Artificial Fog and its Effect on 
Visibility. (W. Kilb, Ann. d. Phys., Vol. 11, No. 6, 1931, pp. 679-726.) 
(Germany 21.22 /23106.) 

The effect of various artificial fogs on radiations with wave lengths between 

.4u and 4u was investigated. The reduction in radiation intensity is less for the 

longer wave lengths. The possibility of taking exact bearings depends, how- 

ever, not only on the absorption but also on the scattering of the radiation. 

Moreover, the type of receiver employed is of importance, and at the present 

moment the superiority of ultra-red rays in foggy weather cannot be considered 

as established. 


Aerodynamics and Hydrodynamics 


New Laboratory Equipment for the Study of Fluid Wakes. (H. Bénard, L’ Aeron., 
No. 147, Aug., 1931, pp. 291-293.) (France 22.1 /23107.) 

A descriptive account is given of the optical and cinematograph installation 
at the Sorbonne Laboratory for the study of the wake left behind an objeci 
moving in a fluid with a free surface. Examples of film records are reproduced, 
and the determination of the poles of eddies is discussed. 


Motions Reproducible by Process of Coloured Filaments between Two Surfaces. 
(D. Riabouchinsky, C.R., Vol. 193, No. 16, 19/11/31, pp. 645-647.) (France 
22.1 / 23108.) 

Hele Shaw’s experiment exhibiting potential flow by means of coloured fila- 
ments in a thin layer bounded by parallel plates, was modified by Mme. 
Popovitch-Schneider by constrictions of the channel in such a way as to produce 
irrotational circulation round a cylinder and round a wing profile (see Abstract 
No. 21/2264c). In the present note Prof. Riabouchinsky develops the appro- 
priate generalisation of Stokes’ anaivsts in a lucid manner. The results suggest 
further constrictive modifications of Hele Shaw’s original experiment. Six 
references are given. 


Solutions of Boundary Layer Equations. (V. M. Falkner and S. W. Scan, Phil. 
Mag., No. 80, Nov., 1931, pp. 865-896.) (Great Britain 22.1 / 23109.) 

The equations are transformed to non-dimensional variables involving the 
stream function, the length along the surface measured from the branching point 
of the surface streamline and the distance along the normal to the surface. The 
method of Blasius is extended and a wider range of solvable cases is obtained 
which includes Blasius’ results and a particular case is given by Dr. Thom. 
The discussion is restricted to the region in which the flow remains steady. 
Within this region it appears to predict velocity and frictional forces with con- 
siderable accuracy. 


Statistical Interpretation of v. Karman’s Discussion of Turbulence on the Assumption 
of Kinematic Similarity. (F. Noether, Z.A.M.M., Vol. 11, No. 3, June, 1931, 
pp. 224-231.) (Germany 22.1 / 23110.) 

V. Karman’s assumptions are briefly summarised and applied to the trans- 
formation of the two-dimensional equation of viscous fluid motion. From the 
three terms of the transformed equation two ratios of functions are derived which 
must be constant. These two relations determine the amplitude of the periodic 
movements and the mean length through which momentum is_ transferred 
(Prandtl’s ‘* Mischungsweg ’’) in terms of the first and second derivatives of the 
axial velocity with reference to the transverse co-ordinate. The author proceeds 
to examine typcs of solution of the differential equation in series of terms, each 
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term representing a double row of vortices moving axially. None of the solu- 
tions need necessarily satisfy the differential equation, but their sum must do so. 

Admitting the instability of such disposition the author considers the passage 
of a discrete eddy from one row to a neighbouring row, and constructs expres- 
sions for the probability of such a transference and finally obtains relations with 
respect to the mean statistical value of the velocity which are of the same form 
as v. Karman’s. 

No suggestion is made that the difficulties have been definitely solved) or 
that the expressions can be given any formal numerical basis, but the statistical 
form is put forward as a correct interpretation of the principles underlying 


Karman’s work. 


Generalisation of v. Karman’s Application of Kinematical Similarity to Turbulent 
Motion. (A. Betz, Z.A.M.M., Vol. 11, No. 5, Oct., 1931, p. 391.) (Germany 
22.1 /23111.) 

The author points out that if discrete eddies are displaced across the stream 
they carry with them not only their linear momentum but their angulai 
momentum. Making certain assumptions as to the dimensions and vorticity olf 
the discrete element thus transported he finds an independent relation for deter- 
mining the controlling linear dimension. On the assumption that the linear 
dimensions of the eddy and the mean distance through which it is transported 
are proportional this relation becomes on reduction identical with v. Karman’s 
relation which defines the Reynolds number by the ratio of the first and second 
differential coefficients of the axial velocity with reference to the transverse 


co-ordinate. 


Motion of a Viscous Fluid in the Neighbourhood of a Disc Oscillating Round its Axts. 
(A. Foch and J. Bariol, C.R., Vol. 193, No. 9, 9/11/31, pp. 835-839.) 
(France 22.1 /23112.) 

\ pendulum oscillating in glycerine set up a motion of the surrounding: fluid 
which could be observed by the motions of small suspended air bubbles. At a 
Reynolds number of 60 photographs with an exposure of several oscillations 
showed perfectly circular trajectories co-axial with the disc. On prolonging the 
exposure for some twenty or thirty periods a slight centrifugal pumping effect 
became evident. This latter phenomenon explained the divergence of the values 
obtained for the coefficient of viscosity from those obtained in a capillary tube. 
By gradually decreasing the amplitude of the oscillations the values converged 
sensibly to agreement with the capillary tube method. Above a Reynolds number 


of 60 a definitely turbulent state set in. 


Formation of Vortices from a Surface of Discontinuity. (L. Rosenhead, Proc. Roy. 
Soc., Vol. 134, No. A.823, 3/11/31, pp. 171-192.) (Great Britain 22.2/ 
23113.) 

Kelvin and Rayleigh showed that a plane surface of separation between two 
bodies of fluid moving uniformly in opposite directions parallel to the surface is 
unstable and that a small sinusoidal disturbance will grow symmetrically. In 
the present paper it is shown that if the disturbance ceases to be small in the 
mathematical sense it also ceases to be symmetrical, and the peak of the wave 
has a component of motion in the direction of the fluid on the convex side of the 


surface. This ultimately leads to the rolling up of the surface of separation 
into a series of loops. The method employed is to assume that the surface of 
separation is replaced by a row of small discrete vortex centres. | Analytical 


methods are similar to those employed by v. Karman (see Lamb, sth edition, 
pp. 207-211) in discussing the stability of single and double rows of discrete 
vortices. Step by step numerical approximations are made and it is shown that 
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the line of vortices rolls up periodically in a manner familiar from experiment. 
Mhe result is of fundamental importance as a step towards reconciling observed 
uid motions with the results of rational hydrodynamics. 


Cylindrical Vortex Tubes of Finite Section. (J. Rossignol, C.R., Vol. 193, No. 17, 
26/10/31, pp. 700-703.) (France 22.4/23114.) 

The object of the paper is to determine to further approximation the actual 
contour of the two cylinders of vorticity under their reciprocal iniuence. 

A 1-1 relation is assumed between points on the approximate circular cylinder 
and the corresponding points on the slightly deformed contour. The distance 
between the centres of vorticity is assumed to be large compared with the dimen- 
sions of the contours. The distance between the corresponding points is assumed 
to be a function of 6, the polar angle of the circle referred to the rotating axis 
through the centres of vorticity. Using the fact that the contours must be lines 
of flow in the relative motion the condition for constant vorticity is expressed 
immediately as the sum of three integrals and of an algebraic term. The surface 
of vorticity is at once expressed by equating to zero the integral of vorticity 
iaken over the difference of area of the circle and contour. 

The condition that the centre of vorticity of the contour remains fixed on a 
rotating axis gives two further integral conditions. Combining these results a 
condition of compatibility is formed, a solution of which by successive approxima- 
tions will determine the deformation of the approximate circle towards the actuai 
contour, 


Recent Measurements of the Air Resistance of a Cylinder. (W. Linke, Phys. Zeit., 
Vol. 32, No. 22, 15/11/31, pp. 900-914.) (Germany 22.4/23115.) 

Previous experiments are reviewed and semi-empirical formule obtained are 
discussed. The author’s experimental installation is described and_ illustrated 
with photographs and diagrams. The distributions of pressure round the central 
section of the cylinder are plotted graphically in comparison with the results of 
other experimenters. The change of the type of flow with increasing Reynolds 
numbers receives separate discussion. Twelve references are given. 


Circulation Caused by Vibration of Air in a Tube. (E. N. da C. Andrade, Proc. 
Roy. Soc., Vol. 134, No. A.824, 2/12/31, pp. 445-470.) (Great Britain 
22.5 /23116.) 

The object of the research in the first place is directed to improving the 
measurement of the velocity of sound in tubes taking into account the viscosity 
of the air and the retarding effect of the walls. The method of rendering the 
motions visible is, however, of much wider application in aerodynamics.  Parti- 
cles of cigarette smoke after passing through a drying tube were found to be 
the most satisfactory indicators. The prediction of Rayleigh that cyclic motion 
would take place between the nodes is fully confirmed and illustrated by remark- 
able photographs. The motion in the neighbourhood of vibrating rods and 
spheres is investigated by the same method, which reveals the setting up of eddy 
systems in the immediate neighbourhood of the vibrating body. These motions 
are also illustrated by extremely clear photographs. It was further found that 
when the indicating particulars exceeded a certain size the lag in their motion 
caused them to act as independent vibrating bodies and to set up circulations of 
the same type. The equations of motion are discussed from a dimensional point 
of view and a non-dimensional criterion is obtained and compared with experi- 


ment. The agreement with dimensional conditions may be regarded as satis- 
factory. The observations lie well on the predicted straight line with two stray 
points and a slight shift of the origin from the expected position. The effect 
of the vortex images in the walls is neglected, as it is relatively small. 

The experimental method must be regarded as a powerful instrument for 
investigation of fluid motions by visual observation of the actual phenomena. 
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Interference Effects of a Centre Plate on an Aerofoil. (K. E. Ward, N.A.C.A. Note 
No. 403, Dec., 1931.) (U.S.A. 22.4/23117.) 

The aerofoii was cut across the plane of symmetry and the two ends were 
separated by small, medium and large cross pieces, or ‘‘ fillets.’’ A. slight 
reduction in drag was obtained, possibly from increased effective aspect ratio and 
decreased induced drag. With the centre plate fitted the drag was slightly 
increased as compared witi the simple wing, but was rather less than the drag 
with the fillets except in the case of large fillets at low incidence. 

Thirty-three references are given to effects of interference and cutting away 
portions of the wing, so that presumably these tests are intended to take their 
place in this category. The immediate practical application is not very clear. 


Elasticity of Materials 
Influence of Rate of Deformation on Resistance to Deformation. (W. Tafel and E. 
Viehweger, Z.V.D.1., Vol. 75, No. 49, 5/12/31, pp. 1479-1483.) (Germany 

23 / 23118.) 
Numerous measurements of the relation between rate of plastic strain and 
resistance to plastic strain are given in numerical tables and graphically. The 
physical interpretation o 


the results is discussed. 


Buckling of a Cylindrical Shell under Torsion. (K. Sezawa and K. Kubo, Aer. Res. 
Inst., Tokyo, Rept. No. 76, Dec., 1931.) (Japan 23/23119.) 

The problem is dealt with experimentally and mathematically. The method 
of mounting the cylinder «nd applying the load is described and illustrated with 
photographs, and a large number of experimentally observed deformations are 
plotted against angular position for different torsional loads. In every case a 
whole number of wave lengths was obtained experimentally, but different groups 
of wave lengths may be superposed. 

In the mathematical analysis reference is made to Schwerin’s work (Con- 
gress for App. Mechanics, Delft, 1924), but doubts are expressed as to. the 


validity of the assumptions on which his solutions are based. ‘These difficulties 
are avoided by taking the results of Southwell and Skan (Proc. Roy. Soc. A.105) 
for a flat plate regarded as a cylinder of infinite radius. The equations connecting 
the applied torsion and resulting stresses of the cylinder are formed in the usual 
way. Solutions are assumed giving the displacements as periodic functions oi 


the axial length and the radial angle, and an equation of compatibility is obtained 
in the form of a determinant of the third order. On expanding the determinant 
an equation of the eighth power is obtained in the axial and radial periods and 


involving the resultant shear stress as a parameter. By simplifying approxima- 
tions this is reduced to a form comparable with Southwell’s formula. The angulai 


period gives the values 1, 2, 3, etc., and for each of these on plotting the 

resultant shear against the axial period a minimum value is obtained for the 

shear, which is the critical value sought. The comparison of the theory with 

experiment was found to be satisfactory for short values of the evlinder and 

increasingly divergent for greater axial lengths. 

Deformation Tests carried out on Two 16,000-ton Liners. (O. Lienau, Z.V.D.1., 
Vol. 75, No. 28, 11/7/31, pp. 899-903.) (Germany 23 / 23120.) 


Measurements were carried out on the upper deck near the centre of the 


ships over a space of roughly 15 x10 metres while the ship was pitching. The 
deck plates were found to be under continuous bending stress. ‘The deflections 


were asymmetrical and differed appreciably from those predicted by laboratory 
experiments on simplified structures. 


Overstrain of Metals. (T. C. Dickson, Army Ord., Vol. 12, No. 69, Dec., 1931, 
pp. 188-195.) (U.S.A. 23/23121.) 

In reviewing Lieut.-Col. Macrae’s volume, published by H.M.S.O., occasion 

is taken to contribute a number of experimental data obtained by the reviewer 
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on the load extension diagram of gun steels. Each diagram is divided into four 
ranges, denoted as the ‘‘ elastic,’’ slip,’’ vield and 
Some tabulated data are also given. 


semi-plastic ’? ranges. 


Miscellaneous—Unclassified 
Bird Flight. (R. R. Graham, J.R. Aer. Soc., Vol. 36, No. 253, Jan., 1932, pp. 
24-58.) (Great Britain 23122.) 

A considerable amount of information is given as to the disposition of wings 
and individual feathers in a variety of birds. The remarks are illustrated by 
numerous sketches and the data are tabulated for a list of 65 birds. The elemen- 
tary qualitative mechanical explanation of aerodynamic phenomena is indicated 
graphically. 


Mechanical Solution of Second Order Linear Differential Equations. (E. C. Bullard 
and P. B. Moon, Proc. Camb. Phil. Soc., Vol. 27, No. 5, 31/10/31, pp. 546- 
552.) (Great Britain 23123.) 

The method depends upon electro-magnetic relations including the oscillatior 
of a current-carrying coil and circuit with a battery and variable resistance. The 
elements of the circuit are so arranged as to make the constants proportional 
to those of the problem of which solution is sought. The sources and magni- 
tudes of errors are discussed. 


A Chemically Inert Valve for High Vacua. (H. C. Ramsperger, Rev. Sci. Insts., 
Vol. 2, No. 11, Nov., 1931, pp.' 738-749.) (U.S.A. 23124.) 

The seal consists of a cup containing fused silver-chloride which is pressed 
against the ring section of a tube by a screw control. The small amount o! 
travel necessary is permitted by expansion of a sheet silver bellows or concertina 
The valve is free from grease, which is not always chemically inert, and has 
proved satisfactory in practice. 


Colorimetric Systems. (J. Guild, Trans. Opt. Soc., Vol. 32, No. 1, 1931, pp. 1-36.) 
(Great Britain 23125.) 

The question of the selection of standards for a three-colour system o! 
colorimetry is discussed. The basis is strictly physical, defined by reference to 
wave lengths, and based on the fact that any three primaries with which it is 
possible to match white may be used to match any spectral radiation. 


Equivalent Colour Stimuli. (D. B. Judd, Jrnl. Opt. Soc., Am., Vol. 21, No. 11, 
Nov., 1931, pp. 699-728.) (U.S.A. 23126.) 

As is usual in dealing with physiological facts, mean values of excitation 

curves must be taken from a number of observers without any striking physio- 

logical peculiarities. Alternative colour standards are reviewed and compared. 


Altitude Flying in Formation. (I. A. Woodring, U.S. Air Services, Vol. 16, No. 12, 
Dec., 1931, pp. 35-38.) (U.S.A. 23127.) 
Descriptive technica! details are given of equipment and training for flying 
in formation at altitudes up to 30,000 feet. 


A German Freight Carrier. (Airc. Eng., Vol. 3, No. 33, Nov., 1931, pp. 291-292.) 
(Germany 23128.) 
A technical description is given, with specification and principal charac- 
teristics of a Junkers 7-ton freight carrier, and seven photographs of a complete 
machine and of details of construction. 


Preparation of Scientific Papers. (J. Sci. Insts., Vol. 8, No. 11, Nov., 1931, pp. 
365-368.) (Great Britain 23129.) 

Excellent rules are given for the form of mathematical expressions. In 

particular the use of brackets as separators is recommended where any ambiguity 


exists. 


E. GOODWIN. RAWLINSON 


PREVENTIVE MEDICINE IN ITS RELATION TO AVIATION * 
BY 
E. GOODWIN RAWLINSON, M.D., D.P.H. 
Director, Bacteriological Department, Royal Institute of Public Health 


Air transport has now become so important a factor in the life of the com- 
munity that preventive medicine must seriously take into account the new problems 
that inevitably have arisen. Increased speed of transport brings about more frequent 
contact with rapidly increasing numbers of those of other communities as well 
as of their own. 


The Pilot 

Medicine in aviation has naturally, up to the present, been chiefly concerned 
with the pilot. He is the keystone of all flying. His selection and fitness must 
always be the primary consideration, and examinations at fixed intervals by the 
same highly trained specialists are necessary to ensure that his efficiency is unim- 
paired; to note the influences and conditions under which he works. [Everything 
that has a bearing, directly or indirectly, upon his flying health should be observed 
and rigidly supervised. 

Many ingenious tests have been devised for this purpose, and in no other 
branch of medicine has the psychological side been so well stressed, and_ its 
importance so well appreciated as in the selection and care of the aviator. 

The medical branch of the Royal Air Force has shown great resource and 
initiative in dealing with the various difficult problems with which it has been 
so violently faced, and the pioneer work of Flack, Stamm, Head and many others,' 
necessarily sets a standard for medicine dealing with the pilot in civil aviation. 
Most of the pilots engaged in civil aviation transport have been trained in the 
service and with the short term engagement at present, such conditions are likely to 
operate for a considerable time. 

The candidate to become a pilot in civil transport is finally examined at the 
Air Ministry in London. The medical examinations are carried out here by the 
same people, the same apparatus, under the same conditions, in the same atmos- 
phere. It will be readily understood that for such vital, stringent, and complex 
tests and such comparatively new work, that the advantage of this being carried 
out always by the same personnel is great, and that it will be very difficult to 
delegate it to a decentralised authority. The value of impressions obtained, too 
difficult to define, the intuitive knowledge that must be gained, all tend to make 
this work extremely personal and limiting. So too, with such work still in its 
infancy, new devices and experiments are continually being elaborated, which 
could only be properly evaluated by those already steeped in the work. 

The would-be pilot undergoes a super-insurance examination as to his family 
history, his personal habits, tastes, hobbies; his education and the minutia: of 
his occupation since his school days. This being satisfactory his selection will 
depend upon what are known as physical efficiency tests.2 These consist of a 
series of investigations, the details of which are outside the scope of this paper. 
They are devised to determine the conditions of, and to probe to the uttermost 
his cardio-vascular system, his respiratory capacities, vision, hearing, nervous and 
muscular reactions. To pass these tests he must prove to be a piece of perfect 
mechanism both mental and physical, with capabilities of unerring judgment. 
After a period of training, if satisfactory, he receives Certificate B. (the public 
transport certificate). This must be renewed at six monthly intervals after re- 


Reprinted from The Lancet with additions. 
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examination. A woman pilot holding such certificate is re-examined every three 
months. 

The conditions of the pilot’s work obviously are of the utmost importance and 
should come under the supervision and control of a competent authority——at present 
the Air Ministry. They have a vital effect on his etliciency, and the peculiat 
nature of his work is such that the easement of any arduous factor makes for 
safer flying. 

The length of flying-time must be regulated, the periods:of waiting must be 
considered, where must the pilot be housed during such periods of his employment, 
what must he do that he be not depressed (a condition fraught with trouble for 
pilots)? His reaction to night flying should be noted. 

The employing company cannot always appreciate that small and apparently 
trivial difficulties are vital in their reactions. 

The maker of the machines, in his engineering enthusiasm unconsciously adds 
io the pilot’s troubles by altering or adding controls, changing what has been 
an automatic reaction to an extra conscious action—a possible source of error in 
rapid judgment. The necessity for standard controls cannot be too strongly 
urged; and every effort should be made to lessen the number of instruments the 
pilot must watch—air speed indicator, altimeter, oi! and petrol gauges, compass, 
ete.—and these tend to increase. So too, everything that will minimise the result 
of an accident to him, such as the special padding of the cockpit, the automatic 
parachute, tends to give him a certain relaxation of the tenseness of expectancy. 

These are all subjects that come under the purview of preventive medicine in 
aviation as well as a consideration of the length of a pilot’s occupational life, 
the problem of his after career and the insurance of more than a pittance when 
his comparatively short flying life is done. It must affect his efliciency if he has 
a conscious or sub-conscious worry, as to what is to become of his wife and family, 
in case of total disability, or—feeling a lessened vitality from a quickening staleness 

as to the results of his next medical examination. 

It must always be an axiom that the pilot (apart from the machine) is the 
paramount factor of flying. 


The Passenger 
48,253 passengers were carried by air transport companies between Great 
Britain and the Continent 1929.° 


Air Sickness 

There are no statistics available to show how many of these suffered air sickness 
(it is stated to be not negligible). Naturally there is a tendency for air transport 
people to minimise its importance, as they realise that it has a definite place 
in retarding the development of passenger traflic. 

Apart from the mental bias to sickness and the unusual movement, probably 
four main factors tend to operate in the causation of this troublesome condition ; 
poor ventilation, lack of warmth, noise and vibration; the first being the most 
important. A reasonable altitude, per se, does not appear to have any bearing 
on the subject. 

The problem of changing the air of the small cubic space allowed to each 
passenger is a difficult one. To change the air sufficiently often to keep it fresh, 
means draughts. If draughts are prevented then the sense of ‘‘ stuffiness ”’ 
arises, due, as Leonard Hill* has shown, to lack of the removal of the air next 
the skin and enmeshed in the clothing. 

The heating of the air presents some engineering difficulties. Air heated by 
contact with hot pipes leading from the exhaust may contain noxious gases and 
the possibilities of leakage. Humidity and warmth might be measured and con- 
trolled by passing air through steam. 

The Handley Page 42-seater on the India route, has a cubic capacity of 
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approximately 4,000 cubic feet, giving slightly less than 100 cubic foot per 
passenger. Hot and cold air inlets are provided at cach pair of seats. 

The Argosy on the Paris service, seating 20 passengers, gives about 54 cubi 
feet to each person. (This does not compare unfavourably with crowded suburban 
trains). 

A room in a dwelling house is required to have 1,000 cubic feet space tor 
cach person. 

We know from experience that continuous and particularly unusual noise 
is fatiguing; it is one of the problems of our mechanised age. The noise of the 
actual explosion of the cylinders of the engine may be reduced, but in so doing, 
Heald’ has pointed out, the unpleasant screaming ol the timing gears then becomes 
predominant. Vibration, he also notes, can become fatiguing, and thus may be 
a reflex cause of sickness.  l[xhaustive experiments the sound-proofing 
aeroplane cabins are being carried out by different authorities.” 

An investigation promoted by the Danicl Guggenheim Fund for the Promotion 
of Aeronautics’ was concluded by the observation that few people are troubled by 
air sickness in properly built and efficiently piloted aircrait. 

Research work carried out by Marrack,* as to a fundamental cause of sea 
sickness showed that ketosis occurred in nearly all subjects within twenty-four 
hours after vomiting commenced, but that it was incidental, and evidence of a 
metabolic change which itself may be the cause. 

The connection between sea and air sickness appeared to be slight according 
to Flack." In certain cases where the labyrinth was unduly sensitive, such cases 
would be both sea-sick and air-sick. He also noted that where the labyrinth did 
not appear to be involved, ocular muscle imbalance was the primary condition. 

Maitland,!® in work carried out at the same time as both the above, observed 
that a passenger can only partially counteract a sudden, unexpected arrest of 
movement and a change of direction, by bodily adjustment; ‘* the eye fails to 
pick up the datum levels, to reetify erratic information reecived by the semi- 
circular canals.’ 

Much general experience goes to show that all subjects react very differently, 
as to the various factors which sect up the impulse, and that different senses and 
functions are involved in different people. 


The Disposal of Excreta 

The Air Ministry regulations'' at the present time prohibit the dropping 
of articles from the air, with certain exceptions, which do not apply to excretai 
matter. 

Here is a matter that requires urgent attention. It is almost safe to say, 
that at the present time, when a passenger or a pilot urinates or defacates whilst 
in the air, the excreta, liquid and solid is simply allowed to scatter on the four 
winds of Heaven. This anachronism would never have been permitted had there 
been visible evidence. No palpable mass can be observed—the height at which it 
is released being sufficient to cause division into small particles or drops. 

The lay mind will perhaps argue that such division and the exposure of the 
fine particles to wind, rain and sun (particularly the sun) is all that can be desired 
to make such material harmless, although he probably would object on asthetic 
grounds; and it may be argued by the more knowledgeable that the bacterial 
content of the healthy intestine is not of a disease producing type and that those 
who are flying or travelling by air are the most likely to be of a healthy normal 
type. 

The sanitarian has estimated that about 1 in 1,000 of the population is a 
typhoid carrier'?—apart from other intestinal disease carriers—and there appears 
no reason why human carriers of the food poisoning group of bacteria should not 
exist. The dysentery carrier cannot be absolutely disregarded, and on the zir 
routes of Africa, Asia and South America, dy sentery, cholera and helminth (worr) 
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carriers are important, and can be contributors to disease broadcast in such a 


manner. 
If the sanitarian is right the Imperial Airways and other companies, possibly 
carried twenty-seven typhoid carriers in 1929. ‘Truc, they may not all have 


defeecated or urinated whilst in the air, but it is certain that a proportion of them did 
SO. 

What happens to the finely divided particles? Each minute mass is attached 
to a droplet of moisture and the bacteria present are protected with a coating 
of fecal matter from being killed by the sun’s rays and the moisture present is 
necessary for their existence. In calm weather a gradual deposition takes place 
in the area in which it is dropped. In windy weather it is carried great distances ; 
it may remain suspended in the air, wafted by slight currents; but whatever the 
weather or conditions there is every possibility of its being finally deposited or 
blown direct into an open water supply, on to human food or taken into the lung. 
Air routes pass over reservoirs and water supplies or in close proximity—but 
close or distant the danger exists. 

It may be said that we are accustomed to breathing in an atmosphere laden 
with bacteria among which are intestinal organisms, or that the possibility of 
disease arising from aeroplane passenger traflic at present is very slight. © Each 
year sees a larger number of people taking to air, each year the ends of the earth 
are brought closer, and where definite air routes are established in countries where 
intestinal disease, such as dysentery and cholera are both endemic and epidemic 
the increase in the potential becomes more marked. 

So too when we are trying to become more and more civilised as to our 
disposal of sewage on land, why remain or become more primitive in our habits 
in the air? 


Suggestions for Practical Measures 

There appear to be several possible ways for dealing with excreta on aero- 
planes, but the present design and construction of the machine is not such as to ex- 
pect or allow elaborate, weighty or bulky mechanism for such purposes, and sanitary 
authorities would be well advised not to allow their enthusiasm to be carried away 
in this direction, and be satisfied with simple and possibly primitive devices at 
first. 

lor passenger carrying machines a small, standard, aluminium tank or box 
could be fitted in the lavatory, containing a small amount of high coefficient 
disinfectant; the tank to be of sufficient size to take the excreta of half the 
number of passengers carried. 

The size necessary for 10 people for a three to four hour journey would be 
approximately 14 gallons. (The amount of excreta for twenty-four hours per 
person is taken as about fifty ounces of urine and an average of five ounces of 
feeces). 

The tank would be preferably of an ink-well pattern; a detachable funnel-top 
fitting into a cylindrical container with an incurved rim. These would be replaced 
at the airport by one of a standard pattern, and the used one emptied, disinfected, 
and prepared ready for use again. 

A further development might be devised at a later date——a tank jacketted 
for steam, if such were available, or hot air from the exhaust, and the excreta 
rapidly dried. This would necessitate an exhaust ventilation for fumes and perhaps 
a method of removing the dried material from the chamber, but if the heat 
generated was sufficient to dry the material very rapidly, the tank would have 
the advantage of a very small size and the weight of excreta diminished. 

A device for breaking down the solids by compressed air and then rendering 
them innocuous before discharge into the air, would probably require too complex 
machinery for practical use 

For a single-seater machine, a valved funnel arrangement could be planned 
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with a plenum device for forcing the matter by air to a small tank at the rear of 
the fuselage. 

Excreta taken from the machines at airports would readily be dealt with 
where the airport was favourably situated in the vicinity of a large town, but the 
establishment of airports in primitive surroundings would necessitate the method 
of disposal best suited for the area. 


The Carrying of Disease 

As civil aviation increases and international boundaries become of lesse1 
import, the utmost stringency will be imperative to prevent national tragedics 
from epidemics. The Royal Air Force as a fighting force has control of all the 
units it carries, but in civil aviation problems arise with regard to the transport 
of units over which much less control can be exercised ; except, as pointed out by 
Dr. Massey'* at the recent British Medical Association Meeting, the very purpos« 
of the time factor in aviation is destroyed. 

The spread of epidemic disease is conditioned almost solely by transport. 
We live in an age of speed when each nation is straining to move more quickly 


than its neighbour. The breaking of speed records on land, water and in the ai 
is of international importance. The new engines take a heavy toll on human lif 


until the engineer overcomes the initial weaknesses and they rapidly become the 
ordinary * of our daily mode of travel. 

The large number of accidents have their day and when we have adjusted 
ourselves to the more rapid transit and it becomes common enough and so little 
dangerous as to take for granted, we must then consider the increased 
risk we run from our excursion into other countries, our contact with new 
communities, and the greater and quicker contact with a larger number o! 
‘sick individuals. 

It is now possible to travel half round the world whilst sickening for a disease. 
A man could drink a typhoid infected water in the Antipodes and show no signs 
of it until after he has disembarked from an aeroplane at Croydon. Very useful 
in that he commences his illness in more happy and timely surroundings than on 
a boat or train, but it opens up a greater potential danger for the community 
on to which he has foisted his disability. Every individual with whom he comes 
in contact runs a potential risk, and if he is unlucky enough to become a carric 
he may blaze a trail of infection over his environment. 

As yet the danger of the introduction of disease into this country by the 
aeroplane passenger is not very great, but each day brings us a little closer to the 
sub-tropics and the tropics with their ever present menace of protean epidemics. 

The danger of the spread of the yellow fever mosquito across Africa by ai 
travel has already been urged by Colonel James.'* Draft regulations concerning 
this type of menace already exist and in some countries, as South America, are 
actually in force; coast-wise seaplane services along yellow fever regions must 
land and embark passengers at a certain distance from shore. 

As an Empire country we must necessarily envisage all the possibilities of 
the spread of tropical disease by air; cholera, dysentery and plague, not only into 
this country, but from one dominion to another. Yet it would seem that out 
greatest immediate danger from this means is the introduction into, and the spread 
in the British Isles, of influenza, the exanthemata and the diseases caused by filte: 
passing viruses. 42,435 passengers were carried between the Continent and 
Great Britain in 1929-1930.'° With the cursory supervision possible at present, 
how great a potentiality for these diseases in their incubation periods! 

Without nullifying the very object of aviation, this control of communicabic 
disease will prove to be one of the most difficult problems preventive medicine 


has had to face. At present our quarantine is under the primary control of 
H.M. Customs and aeroplanes are cleared as ships. Unless blatantly ill no 
sick passenger would have much difficulty in evasion, and virulent disease could 


land with little hindrance. 
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A bill of health from the port of embarkation has been suggested. This ts 
already in force in certain countries; often it may have little value. It will be 
readily seen that a passenger hurried by car to the airport with just enough time 
to embark (and this is not unusual) is somewhat perfunctorily examined. Also 


countries have not the same standards. 

The possibilities of the future would seem to lie in the following directions : 

(1) A reorganisation of the quarantine service and its transfer, as far as 
aviation is concerned to the Ministry of Health. At present aircraft, in 
this respect, are governed by maritime regulations. Conditions are so 
different it is self-evident that reorientation is inevitable. 

(2) The employment of whole time medical officers in such quarantine service, 
and the establishment of small quarantine hospitals at air ports. 

(3) An extension of the use of consular reports telegraphed as to the daily 
health at this official’s station, as well as the reports of the Office Inter- 
nationale d’Hygiene Publique. 

(4) The establishment of regulations of an elastic nature and subject to 
frequent revision. 

(5) Immunisation preliminary to travel from epidemic areas. 

Some of these points have been discussed by Holden." 

The knowledge that a close scrutiny of passengers was carried out on dis- 
embarkation would tend to deter a certain number of incubationary carriers. 
It may be possible at some future date to devise some rapid method of diagnosing 
‘not quite wellness,’’ because it is this state, or lack, of health, that must almost 
invariably be considered in the aeroplane passenger. He will seldom start his 
journey otherwise. 

Again, it must be emphasised that Authority endeavour to carry out a measure 
of control, efficient and elastic in order that the purpose and development of 
aviation be not hampered. Even under the best auspices there is no doubt that 
the more the extension of our freedom as to time and space, the more the 
restriction of our liberty, where the health of the community is involved. 

(The dangers and objections, where aircraft are concerned, apply to all forms 
of transport, and it would seem reasonable whilst setting this house in order +o 
give some attention to our far from perfect protection from the same type of 
disease on cross-Channel boat traffic and in trains.) 


Accidents 

Confidence in aircraft is becoming established. The number of accidents 
involving regular passenger traffic may be regarded as almost minimal. During 
the year 1929-1930, with the Imperial Airways, one accident occurred and four 
persons were killed, representing one killed per 360,000 miles flown, or one killed 
for 6,270 passengers carried. 

On examining the causes of accidents, French figures!’ for 1923-24-25 are 
available, and the impressive fact emerges that, out of 1oo accidents, the per- 
centage of causes are in almost constant proportion—over half are due to faulty 
airmanship (errors of judgment), and less than one-quarter to engine failure. 
\merican statistics'* bear this out. They show 55 per cent. due, as they put it, 
to personnel, and 18 per cent. to power plant failure. Our own figures for 19629!° 
are still higher—zo per cent. due to errors of judgment (faulty pilotage). Of 
course, it will be readily seen that too per cent. of accidents due to faulty 
pilotage would mean the perfect machine, but when this happy stage is reached 
it will be even more urgently necessary to consider no factor too trivial where 
the pilot is concerned. 

All first-aid outfits on passenger machines should include large and small 
dressings, iodine or other antiseptic in ampoules, spirits of ammonia and a 
dressing for burns. All air ports should be equipped with a dressing station 
complete with emergency tools and fire extinguishers. 
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Surgery in connection with aviation differs but little from that concerned with 
accidents generally ; mainly in degree; major injuries do not bulk so largely as 
might be expected. An admirable and interesting analysis of such accidents is 
given in a work by Graeme Anderson.*’ 


Industrial Disease 

The Home Office, through its factory inspectors, supervises the health of 
the worker in aeroplane works. The greatest dangers in this quarter have been 
from the use of chemicals for treating the fabric of the planes and the fuselage 
to make them moisture proof—‘t aeroplane doping.”’ 

Serious disease occurred during the war from the use of substances to dissolve 
cellulose, such as amyl acetate and tetrachlorethane, the latter being responsible 


for a type of toxic jaundice. These have to a great extent been superseded by 
less dangerous substances such as butyl acetate, acetone, benzol, butyl alcohol 
and phenoloid compounds,*! etc. [Even these, unless used with adequate safe- 


guards, give rise to various forms of poisoning and will in a mild degree cause 
nausea, giddiness, ete. 

All rooms where doping is carried on must have special types of ventilation 
and exhaustion. The rooms are of necessity hot, in order that the dope may 
the easier become part of the fabric, and, as these fumes fall, the worker should 
work somewhat above the floor on wooden grids or slats, and the air exhausted 
from a low level. 

The process is in some works carried out in a closed room, and the spraying 
of the dope controlled from outside. 

Workers should be examined at frequent intervals, as is done in lead works, 
and the character of the work altered at fixed intervals. 


Medico-Legal Aspect 


The necessity for international aircraft regulations is obvious, therefore the 


law of air navigation 1s mainly the result of international agreement. A Con- 
vention for the regulation of aerial navigation was signed in 1919 by many of the 
Powers. This Convention instituted an International Commission for Air 


Navigation which is established as a permanent commission under the League of 
Nations. 

Great Britain, by the Air Navigation Act of 1920, made provision for the 
adoption of the Convention rules ; orders in council under this Act are made from 
time to time to meet changing conditions. 

Orders relating to medicine deal in meticulous detail with the examination 
of pilots,** and existing regulations prohibit the dropping of articles from aircraft 
(some exceptions). .\s already noted, quarantine is governed by H.M. Customs. 


Merchandise 

The carrying of merchandise in ships from foreign ports calls for the inspec- 
tion of cargo for disease-carrying vermin, such as rats, which may be infested 
with plague fleas or actual carriers of this and other diseases. Cargo and ship 
must be disinfected ; deratisation and measures for rat proofing carried out. 

The same applies, on a small scale at the present time, to merchandise carried 
in aeroplanes. Such traffic is still in an elementary stage; mail, gold and precious 
stones are common air cargoes, but with an extension of such traffic to include 
materials or foodstuffs, a search for parasites, rats and insect pests will be 
imperative. 

A new condition also arises to that obtaining in ship transport. The 
shortened period of the journey by aeroplane may allow arthropod disease carriers 
to be landed alive in this country, that would not otherwise have survived the 
longer period on a ship. Other insect pests, so introduced, might well have an 
economic importance in causing destruction of plant or cereal crops. 
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The entomologist has made use of the aeroplane in the search for, and dis- 
tribution of, the natural enemies of similar pests; locusts and grasshoppers are 
sprayed from the air, in the effort to arrest their destructive progress. The 
sanitarian has been able to destroy mosquito larvw over large tracts of country 
by spraying larvicides from planes. 

Of interest, too, are the experiments carried out for seeding wide areas with 
cereals; such has been attempted both in California and Russia. ‘The use of 
the aeroplane for surveying pipe lines, and the prevention of forest fires in such 
countries as Canada and South America, also goes to show how widely aircraft 
have entered into the scheme of our civilisation. 


Health Services 

The aeroplane has already proved of great value in countries where natural 
cataclysms frequently occur and where ordinary means of communication are 
destroyed. Rapid organisation of sanitary measures is an urgent necessity after 
earthquakes, or great floods for first-aid work, to prevent epidemic disease, 
establish food and water supplies and to rush chlorinating apparatus and disinfec- 
tants to the affected areas. The recent earthquake in New Zealand, and the 
large flooded districts of the Mississippi, are apt examples. 

Mobile laboratories, portable X-rays and operating units are not dreams of 
the future in aviation, but are either in being or on the way to reality. The 
ambulance aeroplane is a standard Royal Air Force equipment. 

Anti-toxin has been hurried to Alaska; cultures of v. cholera have been 
brought from Basra by air to London for the preparation of vaccines to be returned 
in the same manner, to replenish depleted supplies during an epidemic. 

The health services of the future also promise a use of aviation for thera- 
peutics, metabolism is stimulated by flying—its tonic effect is marked; airmen 
have also noticed that the common cold reacts favourably to flights at high 
altitudes. But in a country like England, where sunlight is so often infrequent, 
one can foresee the possible establishment of sunlight clinics in the air; airships 
for altitude treatment of heart and respiratory diseases. Instead of prescribing 
a child a few minutes exposure to the sunlight lamp, we may be ordering a flight 
at such an altitude for half an hour. We have a Leysin directly over our heads 
all day and every day. 

Finally, Medicine is to gain from the meteorological research now being 
carried out on the strata of air at super high altitudes. 
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SLOTS AND THE WINGS OF _ BIRDS 
BY 


G. V. LACHMANN, Eng.D., A.F.R.Ae.S. 


It was a great revelation to me to read Lieut.-Comdr. Graham's study of the 
‘ Safety Devices on Wings of Birds,’’ reprinted in the JourNaL or THE 
AERONAUTICAL Society of January, 1932. I had always believed that the gaps 
formed by the tip feathers on a bird’s wing were not strictly comparable to slots, 
because from a superficial observation of birds’ wings, it appeared that the slots 
were running in the wrong direction, namely, from the top to the lower surface 
of the wing. Lieut.-Comdr. Graham’s outstanding contribution is his discovery 
of the reason for the emargination of the web of the slot forming wing tip 
feathers. There can be no doubt that this arrangement is aerodynamically 
equivalent to a multi-slotted wing. 

I would like to mention at the same time that although my first conception 
of the slotted wing was not suggested by a study of birds’ wings, the general 
idea I had in mind was very similar to what is represented in Fig. 8 of Lieut.- 
Comdr. Graham’s paper, namely, dividing the wing section into a series of little 
aerofoils arranged at a negative angle relatively to the chord of the main section 
so that these part sections would automatically come into action when the angle 
of incidence of the main section became large. 


Although I admire Lieut.-Comdr. Graham's keenness of observation and 
logical reasoning, | am not quite in agreement with him in regard to the purpose 
of the slots in birds’ wings. I do not believe for one moment they were meant 
to be a safety device. I believe that the senses of birds are so marvellousls 
developed that they do not require safety devices in the same way as aeroplanes 
require them. Besides why should not gulls or albatross possess slots if they 
were a safety device?) We know for a fact that wings of high aspect ratio with 
pointed tips stall at smaller angles than wings of low aspect ratio, and we know 
also that square-tipped wings are more stable than pointed ones. It is difficult, 
of course, to overlook the typical attitude of a duck whilst alighting or the stalled 
descent of a marsh harrier and the remarkable photograph of a harrier with the 
centre of his wing burbling. No doubt the slotted wing tips will, in this position, 
help the bird to keep its lateral stability; however, | am convinced that slots on | 
birds’ wings are of first importance for flapping flight. 


Apart from improving lateral stability, relatively little use could be derived 
from an aeroplane wing fitted with multiple tip slots. Slots which are supposed 
to increase the lift of the wing and to decrease its drag at large angles of 
incidence, must run along the entire span of the wing. In flapping flight, how- 
ever, conditions are different. Instead of a fairly uniform distribution along 
the span, we now have a concentration of lift at the wing tips and a falling off 
to zero towards the wing joint. This lift distribution is, in fact, very similar 
to the distribution of thrust along a propeller blade. It would therefore be 
quite useless for the bird to have the whole span of the wing slotted. It is suffi- 
cient to slot the wing tips alone owing to the increase of effective angle of 
incidence which occurs at this part. 
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The acrodynamic effect of slots in general is two-fold, namely, (a) they 
increase the ratio dK,/da at large angles of incidence, and (b) they increase the 
total lift coefficient as they delay burbling. It is therefore obvious that large 
birds with heavy wing loading and large angular changes at the wing tips 
require slots more than smaller birds with lighter loading and smaller wing span. 
This is in accordance with Fig. 28 of Lieut.-Comdr. Graham's paper. They 
appear to be most important for quick upward acceleration when taking off 
where the wings are flapped rapidly at relatively slow forward speed, and also 
for recovery from a steeply stalled descent. Without slots the wings would be 
stalled like the blades of a high pitch propeller on a fast aeroplane when 
taking off. 

Birds like the blackhead gull or the common gull which have wings of a 
light wing loading and a very high aspect ratio do not require slots because 
these birds are fast and move their wings relatively slowly. (The wing beats 
per second of a gull are about two, but about eight for a partridge.) Tlic 
angular change is therefore small. In addition the gull is nearly always flying 
in an upward current and spends a good deal of its time soaring in the air. For 
soaring in a relatively weak up-current, wings of high aspect ratio and small 
wing loading are required. Slots cannot be of any use for this type of flying 
as they do not reduce the minimum rate of descent of an aerofoil. 

Birds having wings of relatively small aspect ratio and high wing loading 
can only soar in an up-current of fairly strong intensity. It is not impossible 
that slots are helpful for a type of soaring of very slow speed in a strong up- 
current which we can observe on certain types of birds, such as the vulture and 
cagle. 

As to the wrist slot, I am firmly convinced that this is quite a useless 
appendage. It is probably only the atavistic remainder of a thumb claw. | 
cannot believe that it has any aerodynamic importance because it is much too 
small and far too much inboard to be of stabilising assistance. 


Experience has shown that wing tip slots should have a span of at least 
18 to 20 per cent. of the wing span, and that they should not be more inboard 
than about 2.5 per cent. of the total span. Now these wrist slots are arranged 
at about 50 per cent. of the semi-span and their length is hardly 5-8 per cent. 
of the semi-span. If wing tip slots of similar size are fitted at a similar position 
on aeroplane wings they would not be any use at all. 

So much then for slots. 

I would now turn to the questions which Licut.-Comdr. Graham puts in 
Appendix I. He first asks what the factors are which govern the more or less 
steady rise in span loading of birds. Let us compare two birds of different 
weight and with the ratio of their wings a. 

Let us assume that the corresponding span of both birds varices according 

to an exponential law, namely, 


a 


The span loading of both birds will then vary according to 
Wi, / 8, = ( i 1/8,) x at" 
Wing areas will vary 
=a-" 
or the wing loading will vary according to 
W./8,=(W 
In the following table the ratios for weight, span, area, span loading and 
wing loading are given for various values of n. 
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Weights = as a a a a 
Span Loadings ... a? at a8 
Wing Loadings... as 


It remains now to be seen which law is actually followed by nature in the 
development of birds. For this purpose the ratio s,/s, has been plotted in a 
logarithmic scale over W.,/\W, for birds of various aspect ratios (Fig. 1). By 
comparing birds of the same wing aspect ratio, it is found that the exponent » 


varies between .27 and .5. The higher value corresponds to birds of high 
aspect ratio (3.3); the lower value refers to aspect ratios of 2.2 and 2.5. The 
numerical data on which Fig. 1 is based were taken from the flight characteristics 
given in Lieut.-Comdr. Graham's paper. Let us compare on this basis two 


birds which differ in a very pronounced manner in weight and linear dimensions, 
but are of approximately the same aspect ratio; for example, the skylark (weight 
1.5 0z.) and the griffon vulture (weight 260 0z.). The span loading for the 
skvlark is 1.4 0z./ft. and its wing loading .5 Ibs./sq. ft. On the strength of the 
theeretical law given above, the span loading for the vulture would be 35.9 oz./ft. 
and its wing loading 1.6 Ibs./sq. ft. The actual figures are 31 oz./ft. and 
1.8 Ibs./sq. ft. respectively. 

Nature therefore shows good agreement with the theoretical law. Similar 
results are obtained by comparing, for example, the griffon vulture with the 
starling, whose aspect ratio is 2.g; its weight is 2.5 0z., its span loading 
2 o2./ft., and the wing loading .75 Ibs./sq. ft. On the basis of these figures, the 
span loading for the vulture should be 27 0z./ft. and its wing loading 1.68 Ibs./sq. 
in 

Another comparison: The yellow hammer has an aspect ratio of 2.2, its 
weight is .87 0z., its span loading 1.4 0z./ft. and its wing loading .56. If we 
compare this bird with the red-legged partridge, whose aspect ratio is 2.17 and 
whose weight is 16 theoretically the span loading should increase to 
8.3 0z./ft. and its wing loading to 2.14 Ibs./sq. ft. Actual figures are 10 oz. /ft. 
for the span loading and 2.5 Ibs./sq. ft. for the wing loading. 

This would explain why the span loading has to increase at a higher rate 
than the wing loading and that the wing loading on the other hand will increase 
quicker when the aspect ratio of the wings is small. 

Birds having wings of very high aspect catio (1 > 4) are difficult to classify, 
but the apparent irregularity seems to be only due to the small differences 
in weight. The albatross (weight=24c 0z., span=126 ins., wing loading 

3-4 Ibs./sq. ft., span loading = 23 0z./ft., aspect ratio=12.5) when compared 
with the gull (weight= 16 0z., span=43 ins., wing loading=.85 Ibs./sq. {ft., 
span loading=4.5 0z./ft., aspect ratio=5.23) follows a n=.4 law. The theo- 
retical span loading comes out in good agreement with the actual one, namely, 
20.0 oz./ft. instead of 23 0z./ft., the theoretical wing loading would be 1.91 
instead of 3.4. This discrepancy is obviously due to the very much greater aspect 
ratio of the albatross. 

It is extremely interesting to compare these laws of similarity with those 
which are adopted in the design of aeroplanes. It was Lanchester who first 
drew attention to the fact that if aeroplanes arc increased with constant wing 
loading (n=.5) the weight of the wings could be increased with the 1.5 power 
of the weight ratio and therefore the amount of paying load would gradually 
decrease with increase of size until a final size was reached where an aircraft was 
just able to carry its own structure weight without any useful load. There is 
no doubt that the Lanchester law, which by the way is equivalent to Cauchy’s 
law of similarity, is correct, although the ultimate size which can practically be 
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reached is beyond the value as theoretically predicted. This delay is partly due 
to the fact that the structure of larger aircraft can be designed and built: much 
more economically in regard to secondary stress considerations, and partly due 
to a *‘ cheating of nature ’’ by reducing the load factors on larger machines. 

It is also very interesting to note that the Lanchester law is only followed 
by nature up to a certain size and certain weight and, with increase of the bird 
size, the exponent is diminished. In 1922 A. Rohrbach, in a paper read before 
the W.G.L., introduced a new law of similarity for the increase of aircraft in 
order to keep the increase of structure weight and increase of size at a lower 
rate in order to improve the load carrying capacity of large aeroplanes. His 
law, which reduces the exponent n to .333, is comparable to the law of similarity 
of Froude. On aeroplanes, increased according to this law, the wing loading 
would steadily increase proportionately to a3 and the span loading would 
increase proportionately to a6 as compared with constant wing loading and 
span loading which would increase proportionately to a) in’ the case of 
Lanchester’s law. 


When Rohrbach, ten years ago, suggested and actually applied this law on 
ihe design of large aircraft, it was considered a very revolutionary idea and 
many designers criticised it severely, in view of the corresponding increase of 
landing specd. However, to-day no designer of very large aireraft can get away 
from the unavoidable fact that the wing loading has to be increased on large 
aircraft, otherwise the structure weight of the wings will come out too high. In 
Diagram 1 a few aeroplanes have been piotted; they are compared with the 


Moth in regard to weight. The H.P.42 appears to be one of the very singular 
exceptions of large aircraft following the n=.5 law, and it is interesting to note 


that the Dornier Do. X very definitely approaches the same law which governs 
the griffon vulture. This parallel development of nature and technical laws and 
the limitation of size and weight of birds as well as aeroplanes is an unavoidable 
consequence. It is the same rigid law which determines the limit, and it is 
amusing to notice that nature as well as engineers use the same ingenious 
methods to evade this law and to delay its limiting power. 

On birds, as in aeroplanes, ‘ structure weight ’’ increases at a higher rate 
than total weight (n=1.33—1.5). Hence less weight is available for the flying 
muscles. On the other hand, the horse-power required for flapping flight 
increases at a higher rate than the total weights, the exponents being the same 
as for the structure. It follows, therefore, that the ‘‘ power loading *’ increases 
as the bird increases in size, and as there is obviously, from a physiological point 
of view, a limiting value for the maximum energy output per Ib. muscle, there 
is a natural limit for the size and weight of flapping birds. The following table, 


taken from the ‘‘ First Report of the Bird Construction Committee ’’ of the 
R.Ae.S., 1911, illustrates this point very well: 
Percentage 
Weight of muscle Total work H _ P. per lbs. Velo- 
Weight. of muscles. weight. per sec. of muscle. city. 
Ibs. Ibs. Ibs, ft./Ibs. ft./Ibs. sec. ft./sec. 
Stork (Lilienthal) ... 8.8 1.47 16.7 50.7 33.8 36 
Stork (Bretoniére) 8.14 1.30 10.7 03.0 68.8 65.6 
Rook (Penaud) ssa FE 0.18 16.35 4.86 20.2 36 
Gull (Chanute) 0.24 10.95 5.88 24.5 209.9 
Pigeon (Smythe) O.10 21.4 2.00 [2.2 
Pigeon (Alexander) ... 2.00 0. 40 20 09.00 22.5 


The energy estimations for the various birds were based on observations in 
regard to flying speed and corresponding gliding angles. The figures may be 
quantitatively not quite accurate, but for comparative purposes they appear to 
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be exact enough. I do not know whether the energy capacity of one pound of 
bird’s muscle is known, but it appears to be much higher than the power which 
human muscles can exert. Haughton*® finds the power to be: 


Per lb. of muscle. 
Muscles of human heart (ordinary action) 


5.48 ft. Ibs./sec. 

Muscles of rower in University boat race 1ps./sec. 
It would therefore appear in contradiction to Licut.-Comdr. Graham’s state- 
' ment, that flapping flight is much more strenuous with bigger birds than it is 
with smaller ones. This seems to be indicated by the observations that very 


large flving birds only exist in such places where they can draw energy from air 
currents. 


* The Principle of Least Action in Nature. 


380 CORRESPONDENCE 


CORRESPONDENCE 
The Editor, Tne Journat or THE Royan AERONAUTICAL SOCIRTY. 


THE SOLUTION OF CHITTY AND SOUTHWELL’S DETERMINANTAL EQUATION 
4, =0 


Dear Sir,—I venture to suggest another solution of the equation 


i, 


’ » O, 
1, fy O, 
Oo, O, O, O, | 
I, O, O, O, .-+-, O, I, hi =o 


(See December issue of the Journal, 1931.) 


It depends upon an artifice similar to that used by Mr. Morris (see January 
issue of the Journal) in his evaluation of the determinant. The artifice, how- 
ever, is applied to each of the simultaneous equations which give rise to the 
determinant. The determinant with its evaluation is not then required. Each 
of the n equations whose solution gives rise to the equation A,=o is of the 
form 2,_,+p%,+2,,,,=0, rt having the values 1, 2, 3,..-n, while 2,=2, and 
®,,,;=%,. The indefinite solution in which all 2’s=o and n=arbitrary, does not 
necessitate A,—=o, and must be excluded. 

The equations each containing involve quantities, and 
Y,...%,,, Hence the general formula for the value of every » as a function 
of » must contain two arbitrary constants in order that it may be a complete 
solution. Now from the identity 

cos (r—164 c)—2 cos (cos 16 4-¢) + cos (r+ 104 c)=0, 
we see that each of the last-mentioned n simultaneous equations will be satisfied 
by #,=Acos (ré4+c) where cos 6=—p/2, and A and ¢ are constants. In this 
every z is a function of 6 or » and involves two arbitrary constants A and c. 
It is therefore the general solution of the 2’s in terms of p. 

{In order that —2 cos 6, which equals », may cover all possible values of 4 
other than those between +2 and —2, @ may be given imaginary values, or we 
may use ‘‘ cosh ’’ instead of ‘‘ cos ’’ in the various equations. This, however, 
will be found unnecessary. | 

We have further to satisfy 7,=7, and x,,,=7,. 

These give cos (n@ + ¢)=cos whence n@=2Sz or 2Sx— 20, and cos (n-+ 104+ ¢) 

(cos 0+¢) whence or — 20 — 20. 
Therefore 9=S (2z/n) and ¢ has any value or 
and c=S"z—nS! (x/2) where S, S’, 8", . 
are any integers. 

The second value of 6, and also that of c¢, are included in the first, unless 
nS’ is odd. In this case we should have #,=(A cos S!’"z—odd z/2)=0, hence 
this solution as mentioned above must be excluded. Therefore the general 
solution 


is p= —2 cos —2 cos S2z/n 


and #,=A cos { r (S2z/n)+C } 


{ 
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where S is any integer and .-f and ¢ are arbitrary constants. The general 
equation for 2, may be written 
cos { r (S2z/n) } +B sin { r (S2z/n) } 
which shows that the infinite number of sets of values of the a’s may be resolved 
into the addition of two sets of values. 
Giving the arbitrary constants A and © any particular values there will, in 
general, be n different sets of vaiues of the @’s, which are obtained by giving 


S the values 1, 2, 3,...m. These must correspond to the n roots of the deter- 
minantal equation, giving #. Hence these roots are the values of — 2 cos (S2z/n) 
when S is given the values 1, 2, 3,...n. It will be seen that except for the 


value - 2, the roots are duplicated. 
Yours faithfully, 
T. W. K. CLARKE. 


The Editor, JouRNAL oF tue Royatn AKRONAUTICAL SOCIETY. 


Dear Sir,—With reference to Mr. J. L. Nayler’s most interesting article in 
the March issue of the Aeronautical Journal on ‘‘ The Effect of Accelerations on 
Human Beings,’’ | would draw attention to the fact that there is a considerable 
mass of information which has been obtained by means of Sir Hiram Maxim's 
captive flying machines, which were erected at the Crystal Palace, Earl’s Court, 
Southport, Brussels and elsewhere. 

The experimental machine, erected in the grounds of Thurloe Park, was 
speeded up during its trials in 1904 until the resultant force upon the cars was 
6.87 times gravity. This force was calculated from a careful record of the speed 
of the machine. I was in one of the cars during these trials and became un- 
conscious at the maximum speed and fell to the bottom of the car. My companion, 
however, one of the workmen, managed to signal to the engine-house to stop, 
and the machine was brought slowly to a standstill. 1 regained consciousness 
when the speed had fallen so that the resultant force was about three times gravity. 
No ill effects were felt within a few minutes of the experience. Although my 
companion was able to signal after | had become unconscious, | am sure, from 
my questioning of him, that he was only able to act at great effort and was 
nearly unconscious himself. Since that time I have made every form of evolution 
in the air and have never experienced any discomfort from the accelerations. 
Hence it would appear that the accelerations of acrial acrobatics are considerably 
less than 6.87 times gravity. 

In the Maxim Captive Flying Machine the speed is slowly increased, and 
therefore one is under the action of centrifugal force for a considerable time. 
In other words, the test is probably more exacting than in normal evolutions in 
the air experiencing the same maximum accelerations. From my own experience 
it would appear that it is not possible for human beings to endure consciously, 
for more than a few minutes, centrifugal force along the line of the spine greater 
than from six to seven times gravity. 

I should welcome further information upon the effect of accelerations on 
human beings, not only in the line of the spine but also transverse to the spine, 
and the effects not only on the heart and brain but also upon the eyes. 

Yours faithfully, 
A. P. THurstron. 
8th March, 1932. 
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Cinquiéme Congrés International de la Navigation Aérienne 
(La Haye, 1930. Two vols.) 


These volumes contain a complete account of the 1930 Congress, and include 
all the papers which were read before it with the discussions. The papers are 
divided into four classes—<Aerial Transport, Technical and Scientific, Legal, and 
Medical. 

Some of the technical papers are of considerable interest and contain matter 
which, so far as 1 know, has not been published elsewhere. They include a 
number of British papers. 

In the Aerial Transport section, among others Mr. Norman Macmillan 
discusses the pilot’s outlook. Mr. Capon writes on flying and landing in fog, 
and the United States Department of Commerce deals with Aeronautic Radio 
Research. Under the Technical and Scientific section Mr. Mitchell and Mr. 
Clifton contribute an interesting paper on hull and float tests, including the effects 
of wing stabilisers on flying boat hulls. Mr. Douglas deals with mechanical 
testing, and Herr W. Hubner deals with stability. There are also. several 
interesting papers on engines, including one by Mr. Feddon and another by 
M. Clerget, these both deal with compression ignition engines. 

The Legal and Medical sides are also well represented by a number of papers, 
including one by the Hon. Solicitor of the Royal Aeronautical Society (Mr. 
Laurence Wingfield) on ‘* The Liability of an International Air Carrier.”’ 

The whole of the information given is only directly available to those possess- 
ing a knowledge of English, French, German and Italian, but the papers generally 
are of a high order of merit and contain valuable and important data. 


Metal Aircraft Construction 
By M. Langley. (Gale and Polden. —15/- net.) 

This book unquestionably fills a gap in aeronautical literature. It presents to 
the reader a comprehensive review of modern practice in the metal construction of 
aircraft, giving not only British practice but also selected examples from foreign 
designs. The book is divided inte convenient sections and deals with development, 
materials, main plane structures, fuselages, flying boat hulls and floats, tail 
units, workshop practice, and concludes with tables of specifications. It is well 
illustrated and the descriptions are clearly written. 

Construction in steel is almost entirely confined to British aircraft, and it is 
of great interest to note the differing constructions adopted by the various firms 
and the ingenuity in design shown in many of the details. Spar designs alone 
vary from the extreme simplicity of a solid drawn tube to a complicated section 
coastructed from eleven separate steel strips attached by six rows of rivets. Suci 
differences can only be transitional, and there is no doubt that in time some 


tvpe will be produced which will possess a definite superiority. In looking at 
some of the designs it is difficult to avoid the conclusion that it would be impossible 
to increase production rapidly in time of war. The days when every little 


carpenter's shop could produce some aeroplane detail in emergency are gone for 
ever. 

Fuselage design is also dealt with in detail, and much space is usefully devoted 
to a description of the various types, welded tube, monocoque, strip construction, 
ete. But here attention must be drawn to a serious omission which affects the 


REVIEWS 383 


whole of the work, I refer to the absence of detailed information on the subject 
of weights. No useful comparison between types is possible without this informa- 
tion. It is possible that the reference in the Introduction to the reluctance of 
designers to provide all the data desired by the author refers particularly to this 
matter. Withholding information of this kind can only result in the slowing 
down of progress. 

The design of flying boat hulls, as carried out in this country, is well dealt with, 
and interesting comparisons are given with foreign practice, especially German. 
Hull design in Germany has progressed along quite different lines from those 
used here, and it can hardly be possible that both types can be right. The book 
deals comprehensively with detail work and includes descriptions of designs and 
methods of manufacture of aluminium and magnesium alloy tanks, many such 
items are of interest to designers, whether the aircraft structure is carried out 
in metal or wood, and such developments are of great importance. When aircraft 
of similar type, produced by different designers, differ in structure weight it will 
often be found that the difference is due to the design of details. Weight saved 
by careful structure design is often thrown away in other directions, and the 
examples of detail design given in this book will repay careful study. 

The book is well equipped with references, so that the source of much of the 
information used can be ascertained, and it is particularly interesting in this con- 
nection to note the numerous references to the Roya AERONAUTICAL SOCIETY 
JournaL. It can be very thoroughly recommended. 


Aviation Handbook 


(Warner & Johnston. 45/- net.) 


This American book, which contains over 700 pages, is a handbook of the type 
one associates in England with the name of Molesworth, but is devoted entirely to 
aviation data. It starts with a section on nomenclature, continues with sections 
dealing with aerodynamics, parasite drag, aeroplane performance, stability and 
control, aeroplane materials, structural data, aeroplane weight analysis, equip- 
ment, and design standards. All these sections contain an immense amount of 
information, given in a form which renders it easily accessible to the designer or 
constructor. 

Although a great deal of the data given is not of direct use in this country, 
owing to differing specifications, etc., yet the whole book affords a valuable 
opportunity to study American methods, some of which may be worthy of adoption 
here. 

The chapter on nomenclature is extensive, and it is interesting to note the 
very few cases where the words used differ from those in use in this country. 

The chapter on aerodynamics starts with a description of various systems of 
aerodynamical units divided into engineering and absolute systems, but some 
confusion must be caused by the use of the same symbols for each. For instance, 
the engineering coefficient for lift is L.=L/SV?, the absolute coefficient for lift 
being L.=L/pSV*. In the latter case it would certainly seem better to use the 
British symbol K,, as this system is universally used in this country. It is 
interesting to note that values of coefficients corresponding to V in miles per 
hour, and J, in Ibs. per sq. ft. are in use in America, and many of the curves 
giving the performance of aerofoils printed in this section are given in this form. 

Curves are given for a large number of aerofoils from tests in America, 
Gottingen, France and Italy. There is only one British section referred to, the 
much-used R.A.F. 15. These curves are on rather a small scale, and it would 
be advantageous if the data was tabulated. The section continues with a large 
amount of useful data dealing with loads on wing-tips, effects of stagger, Prandtl 
corrections, Handley Page slots, ete. 
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The section dealing with parasite drag deals adequately with strut forms 
wires, resistances of various shapes of bodies, effect of N.A.C.A. cowling, 
resistance of floats and flying boat hulls, etc., and also contains some useful data 
on the drag of small fittings. The aeroplane performance data is well set out, 
parasitic resistance being referred to equivalent flat plate area in the usual 


\merican manner. 

The section on materials contains a large quantity of information on materials 
in use in America, and this section is well worth studying for comparison with 
Rritish practice. Specifications are quoted for many non-metallic materials, 
such as safety glass, leather, luminous paints, etc. 

The section on structural data is interesting for its very full description of 
\merican practice of such matter as load factor and methods of stress analysis 
and is well and clearly written; but there is an error in formula (53) on page 379. 
This formula, which purports to give a power factor correction to thin walled 
beams, does not take into account the wall thickness. There is also further power 
factor formula, given on page got, in which a term a, which is really a function of 
the height of the beam and the flange thickness, is expressed, for some reason, as 
an angle, and appears in the formula as sin a cos a. This term has no real bearing 
on the important features of the section shape of the beam. The formule given, 
which are derived from the results of tests, should be expressed in a simple 
manner. 

The section on aeroplane equipment contains a lot of useful information on 
American practice on this subject, and is well illustrated with dimensional drawing's 
of many proprietary articles, such as electric generators, starters, wireless equip- 
ment, wheels, shock absorbers, instruments, etc. There are also a number of 
installation drawings of engines given, including several British types. 

The last section in the book deals with design standards, and also includes 
an excellent collection of data on this subject. The section is well illustrated 
and includes such items as wires, cables, turnbuckles, and also standard throttle 
levers, and standard petrol cocks and unions. The line of demarcation in America 
between aircraft equipment and design standards does not appear to be well 
marked. The book continues with an Appendix dealing with airworthiness 
requirements for aircraft, in which one notes that such requirements are now 
extended to gliders, and concludes with an index which is not up to the standard 
one expects in a modern handbook, and which should be extended in future 
editions. 

There is an omission which should be corrected in future editions, inasmuch 
as no information is given which would enable the designer to proportion a radiator 
for a water-cooled engine. This data is readily available and is essential if 
the book is to be complete. 

It is certainly a tribute to the status which has been attained by the aero- 
nautical trade that it is possible to produce such a work with the expectation of 
its being a financial success. The book is certainly worthy of ranking with those 
older handbooks produced by the engineering industries in the quantity of informa- 
tion it gives. In England, its principal interest must be its concise description 
of American practice, but in America it should find a place in the equipment of 
everybody who is concerned with technical aeronautics. 
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